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REMARKS 



Claim Status 

Claims 1-18 are pending. Applicants have canceled claim 2 
without prejudice to pursue the subject matter in a future 
application. Claims 1, 3, 12, 14, 15 and 16 have been amended. 

Support for the amendments to the claims 

Support for amended claim 1 may be found inter alia on page 17 
of the Specification, lines 15-27; claim 1 and claim 2 as 
filed. 

Support for amended claim 3 may be found inter alia on page 17 
of the Specification, lines 21-24. 

Support for amended claim 12 may be found inter alia on page 5 
of the Specification, line 10 . 

Support for amended claims 13-16 may be found inter alia in 
claims 13-16 as filed. 

Applicants respectfully request the entry of this Amendment. 
Upon entry, Claims 1, 3-18 are pending and under examination. 

Rejections Under 35 U.S.C. §112 

Claims 12-13 are rejected under 35 U.S.C. S112, second 
paragraph, as being indefinite. The rejection is respectfully 
traversed . 

Claim 12 has been amended to recite that the tissue animal 
cells are brain neurons. Claim 13 has been amended to clarify 
that the aim is to express the sequences in an animal cell. 
Applicants submit that claim 12 and 13 have been amended to 
obviate the rejection. Accordingly, Applicants respectfully 
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request that the rejection of claims 12-13 londer 3 5 U.S.C. 
§112, second paragraph, be withdrawn. 



Rejections Under 35 U.S.C. §102 

Claims 1-4 and 6-15 are rejected under 35 U.S.C. §102 (e) as 
being anticipated by Chtarto et al. The rejection is 

respectfully traversed. 

Chtarto et al . is directed exclusively to a vector comprising 
a bi-directional antibiotic controlled activator-responsive 
promoter. In particular, the promoter comprises a tetracycline 
(Tet) responsive element. 

The Tet responsive promoter is a synthetic sequence composed 
of 7 repetitions of an 8 nucleotide-long prokaryotic sequence. 
Such promoter is not able to exploit the endogenous mammalian 
transcriptional machinery in order to work properly. 
Therefore, to render this promoter functional, it is necessary 
to express an additional transgene encoding for a chimeric 
transcriptional activator composed of two halves, the first 
one being of prokaryotic origin and the second one being of 
viral or human origin. 

A fundamental feature of the tetracycline-responsive 
expression system is that the promoters used must be insulated 
from nearby competing enhancers in order to prevent 
inappropriate transactivation and preserve integrity of 
modulation by doxycycline. Therefore, only minimal promoters 
have been so far used in this system. Moreover, the Tet- 
regulated system depends on the expression (or exogenous 
administration) of transactivators, whose expression (or 
administration) may encounter problems in vivo. 
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In contrast, the present invention is directed to synthetic 
exikaryotic bidirectional promoters, based on the juxtaposition 
of a core promoter element placed upstream and in opposite 
orientation to an efficient promoter, that exploits the 
endogenous transcriptional machinery available to most animal 
cells types to drive robust expression of two divergent 
transcripts. The fact that the bidirectional promoter of the 
present invention comprises a minimal viral promoter and a 
full length animal promoter represents a fundamental 
difference over the prior art in general, and over Chtarto et 
al. in particular. 

It is well known in this art that the eukaryotic and 
prokaryotes promoters act differently. For example. 

The promoter contains specific DNA sequences, response 
elements, that are recognized by proteins known as 
transcription factors. These factors bind to the 
promoter sequences, recruiting RNA polymerase, the 
enzyme that synthesizes the RNA from the coding region 
of the gene. 

• In prokaryotes, the promoter is recognized by RNA 
polymerase and an associated sigma factor, which in 
turn are brought to the promoter DNA by an activator 
protein binding to Its own DNA sequence nearby. 

• In eukaryotes, the process is more complicated, and 
at least seven different factors are necessary for 
the transcription of an RNA polymerase II promoter. " 

See Exhibit A, 5 pages. 

In addition, it is well known from general biology text books 
that a promoter of a prokaryote organism cannot work in the 
environment of an eiikaryote organism and vice versa. 



The bidirectional promoter of the present invention can be 
based on any eukaryotic promoter : ubiquitous, constitutive, 
tissue specific or endogenously regulated. 
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In nature, few instances of bidirectional promoters have been 
documented and only very recently recent surveys of the human 
genome have indicated an abundance of divergently transcribed 
gene pairs representing more than 10% of the human genome, 
whose transcriptional start sites are separated by less than 1 
kb. In addition, it has been suggested that more than half of 
the human promoters does not exhibit strong directionality in 
transcript initiation and can function in a bidirectional 
fashion. Thus, the synthetic bidirectional promoters of the 
present invention may mimic a well-represented and 
evolutionary conserved feature of eukaryotic transcription, 
providing a structural basis for their robust performance. 

More specifically, Chtarto et al . require the use of a 

transactivator factor encoded by a reverse antibiotic 

controlled transactivator nucleotide sequence for activating 

the bi-directional promoter. See, for instance, Chtarto et al. 

column 5, lines 12-16: 

In said construct or system the bi-directional 
antibiotic controller activator responsive 
promoter/operator sequence 4 is advantageously 
activated by the transactivator factor 7, 
encoded by the reverse antibiotic controlled 
transactivator 7, encoded by the reverse 
antibiotic controlled transactivator nucleotide 
sequence 6 in the presence of said antibiotic 5, 

That Chtarto et al . is only directed to an antibiotic 
inducible/repressible genetic construct is clear throughout 
the document. See further Fig. 6, column 4, lines 42-43, 
column 5, lines 22-32. 

The present invention offers the construction of a 
bidirectional promoter comprising a minimal viral promoter and 
a full length eukaryotic promoter. See, for instance, 
description page 7, lines 3-8: 
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A bidirectional promoter made by minimal core 
promoter elements from the human cytomegalovirus 
(mCPW) joined upstream, and in opposite 
orientation, to an efficient promoter, derived 
from the human phosphoglycerate kinase (PGR) or 
poly-ubiquitin UBI-C gene, was driving divergent 
transcription of two RNAs . 

In conclusion, Chtarto et al. do not anticipate the present 
invention because Charto et al . do not teach each and every 
aspect of the present invention. Accordingly, Applicants 
respectfully request that the rejection of claims 1-4 and 6-15 
under 35 U.S.C. §102 (e) be withdrawn. 

Claims 1-4 and 6-11 and 13-18 are rejected under 3 5 U.S.C. 
§102 (e) as being anticipated by Itch et al. The rejection is 
respectfully traversed. 

Itoh et al. is directed exclusively to a vector comprising a 
low molecular weight compound-responsive bidirectional 
promoter and a DNA encoding a low molecular weight compound- 
controlled transact ivator. In particular, the low molecular 
weight compound is tetracycline or doxycycline and the low 
molecular weight compound-controlled transactivator is a 
reverse tetracycline transactivator. 

Therefore, arguments presented above concerning Chtarto et al . 
are also valid in respect to Itoh et al . 

In conclusion, Itoh et al. do not anticipate the present 
invention because Itoh et al . do not teach each and every 
aspect of the present invention. Accordingly, Applicants 
respectfully request that the rejection of claims 1-4 and 6-11 
and 13-18 under 35 U.S.C. S102(e) be withdrawn. 
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Claims 1-4, 7-8, 10 and 14 are rejected under 35 U.S.C. 
§102 (b) as being anticipated by Fux et al. The rejection is 
respectfully traversed. 

Fux et al. discloses the construction of two vectors, PDuoRex? 
and pDuoRexS (see page 114, left column, last paragraph) which 
contain two antibiotic-responsive expression units in 
divergent orientation. Such pDuoRex-based dual regulated 
expression requires concomitant production of tTA and PIT (see 
page 114, right column, first paragraph) . 

Thus, arguments presented above concerning Chtarto et al. are 
also valid in respect to Fux et al . 

In conclusion, Fux et al . do not anticipate the present 
invention because Pxix et al. do not teach each and every 
aspect of the present invention. Accordingly, Applicants 
respectfully request that the rejection of claims 1-4, 7-8, 10 
and 14 under 35 U.S.C. §102 (b) be withdrawn. 

It ■ should be noted that none of the cited prior art documents 
discloses a bidirectional promoter comprising a minimal viral 
promoter and a full length animal promoter. Therefore none of 
the cited documents anticipate the present invention. 

Moreover, starting from the teaching of Chtarto et al . , or 
Itoh et al . or Fux et al . and due to the evolutionary distance 
between prokaryotes and mammalians and to their differences in 
the transcriptional machinery, the person skilled in the art 
would not predict and foresee that mammalian promoters could 
be also exploited for building a bidirectional promoter. 
Therefore, the invention is not obvious in respect to such 
cited prior art documents . 
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Rejections TTlider 35 U.S.C. S103 

Claim 5 is rejected under 35 U.S.C. §103 (a) as being 
unpatentable over Chtarto et al. or Itoh et al., in view of 
Hope et al. (US 6,136,597). 

Chtarto et al . and Itoh et. al . have been discussed above. 
Hope et al. disclose an RNA export element which mediates 
efficient transport of RNA from the nucleus to the cytoplasm. 
This RNA export element is referred to as WPRE. WPRE is a post 
transcriptional regulatory element. Hence, Hope et al . teach 
using WPRE to increase transgene expression. 

Therefore, even though assuming it is appropriate to combine 
Chtarto et al . , and Hope et al . , or Itoh et al . , and Hope et 
al., {which the Applicants do not concede), such combination 
would not teach or suggest all of the features of dependent 
claim 5. In particular, the combined teaching of Chtarto, Itoh 
and Hope does not teach or suggest constructing a 
bidirectional promoter comprising a minimal viral promoter and 
a full length animal promoter. 

Accordingly, Applicants respectfully request that the 
rejection of claim 5 under 35 U.S.C. §103 (a) be withdrawn. 

For the Examiner's information, the corresponding European 
Application of this subject application has been granted and 
is attached hereto as Exhibit B, 71 pages. 
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Conclusion 

In summary, Applicants believe that all grounds of rejections 
have been addressed and earnestly request the Examiner to 
place this application in condition for allowance. 



If a telephone interview would be of assistance in advancing 
prosecution of the subject application, Applicants' 
undersigned attorney invites the Examiner to telephone him at 
the number provided below. If any other fee is required, 
authorization is hereby given to charge the amount of any such 
fee to Deposit Account No. 50-1891. 



Respectfully submitted, 

Albert Wai-Kit Chan 
Registration No. 36,479 
Attorney for Applicants 
Law Offices of Albert Wai-Kit 
Chan, PLLC 

World Plaza, Suite 604 

141-07 20^*" Avenue 

Whitestone, NY 11357 

Tel: (718) 799-1000 

Fax: (718) 357-8615 

e -mail : chankokitchanlaw . com 
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Promoter 

From Wikipedia, the free encyclopedia 

In biology, a promoter is a regulatory region of DNA located upstream (towards the 3' region of the 
anti-sense strand) of a gene, providing a control point for regulated gene transcription. 



Contents 

■ 1 Overview 

■ 2 Identification of relative location 

■ 3 Promoter elements 

■ 3.1 Prokary otic promoters 

■ 3.1.1 Probability of occurrence of each nucleotide 

■ 3.2 Eukaryotic promoters 

■ 4 Detection of promoters 

■ 5 Evolutionary change 

■ 6 Binding 

■ 7 Diseases associated with aberrant promoter function 

■ 8 Canonical sequences and wild-type 

■ 9 Diseases associated with promoter elements 

■ 10 References 

■ 1 1 External links 



Overview 

The promoter contains specific DNA sequences, response elements, that are recognized by proteins 
known as transcription factors. These factors bind to the promoter sequences, recruiting RNA 
polymerase, the enzyme that synthesizes the RNA from the coding region of the gene. 

■ In prokaryotes, the promoter is recognized by RNA polymerase and an associated sigma factor, 
which in turn are brought to the promoter DNA by an activator protein binding to its own DNA 
sequence nearby. 

■ In eukaryotes, the process is more complicated, and at least seven different factors are necessary 
for the transcription of an RNA poljnmerase II promoter. 

Promoters represent critical elements that can work in concert with other regulatory regions (enhancers, 
silencers, boundary elements/insulators) to direct the level of transcription of a given gene. 

It is worth noting that promoters are not DNA specific, and can in fact locate upstream towards the 3' 

end of an RNA genome, e.g. Respiratory Syncytial Virus (RSV). 

Identification of relative location 

As promoters are typically immediately adjacent to the gene in question, positions in the promoter are 
designated relative to the transcriptional start site, where transcription of RNA begins for a particular 
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gene (i.e., positions upstream are negative numbers counting back from -1, for example -100 is a 
position 100 base pairs upstream). 

Promoter elements 

■ Core promoter - the minimal portion of the promoter required to properly initiate transcription 

■ Transcription Start Site (TSS) 

■ Approximately -34 

■ A binding site for RNA polymerase 

■ RNA polymerase I: transcribes genes encoding ribosomal RNA 

■ RNA polymerase II: transcribes genes encoding messenger RNA and certain small 
nuclear RNAs 

m RNA polymerase III: transcribes genes encoding tRNAs and other small RNAs 

■ General transcription factor binding sites 

■ Proximal promoter - the proximal sequence upstream of the gene that tends to contain primary 
regulatory elements 

■ Approximately -250 

■ Specific transcription factor binding sites 

■ Distal promoter - the distal sequence upstream of the gene that may contain additional regulatory 
elements, often with a weaker influence than the proximal promoter 

■ Anything further upstream (but not an enhancer or other regulatory region whose influence 
is positional/orientation independent) 

■ Specific transcription factor binding sites 

Prokaryotic promoters 

In prokaryotes, the promoter consists of two short sequences at -10 and -35 positions upstream from the 
transcription start site. Sigma factors not only help in enhancing RNAP binding to the promoter but 
helps RNAP target which genes to transcribe. 

■ The sequence at -10 is called the Pribnow box, or the -10 element, and usually consists of the six 
nucleotides TATAAT. The Pribnow box is absolutely essential to start transcription in 
prokaryotes. 

■ The other sequence at -35 (the -35 element) usually consists of the six nucleotides TTGACA. Its 
presence allows a very high transcription rate. 

■ Both of the above consensus sequences, while conserved on average, are not found intact in most 
promoters. On average only 3 of the 6 base pairs in each consensus sequence is found in any given 
promoter. No promoter has been identified to date that has intact consensus sequences at both the 
-10 and -35; it is thought that this would lead to such tight binding by the sigma factor that the 
polymerase would be unable to initiate productive transcription. 

■ Some promoters contain a UP element (consensus sequence 5'-TGNTATAAT-3')upstream of the 
-35 element; the presence of the -35 element appears to be unimportant for transcription from the 
UP element-containing promoters. 

It should be noted that the above promoter sequences are only recognized by the sigma-70 protein that 
interacts with the prokaryotic RNA polymerase. Complexes of prokaryotic RNA polymerase with other 
sigma factors recognize totally different core promoter sequences. 
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downstream - 

Gene to be transcribed 
(note that the optimal spacing between the -35 and' -10 sequences is 17 nt) 



Probability of occurrence of each nucleotide 



for -10 sequence 
T A T A A T 
77% 76% 60% 61% 56% 82% 



for -35 sequence 

T T G A C 

:9% 79% 61% 56% 54% 



Eukaryotic promoters 

Eukaiyotic promoters are extremely diverse and are difficult to characterize. They typically lie upstream 
of the gene and can have regulatory elements several kilobases away from the transcriptional start site. 
In eukaryotes, the transcriptional complex can cause the DNA to bend back on itself, which allows for 
placement of regulatory sequences far from the actual site of transcription. Many eukaryotic promoters, 
but by no means all, contain a TATA box (sequence TATAAA), which in turn binds a TATA binding 
protein which assists in the formation of the RNA polymerase transcriptional complex.^^^ The TATA 
box typically lies very close to the transcriptional start site (often within 50 bases). 

Eukaryotic promoter regulatory sequences typically bind proteins called transcription factors which are 
involved in the formation of the transcriptional complex. An example is the E-box (sequence 
CACGTG), which binds transcription factors in the basic-helix-loop-helix (bHLH) family (e.g. BMALl- 

Clock, cMyc).P] 



Detection of promoters 

A wide variety of algorithms have been developed to facilitate detection of promoters in genomic 
sequence, and promoter prediction is a common element of many gene prediction methods. 



Evolutionary change 

A major question in evolutionary biology is how important tinkering with promoter sequences is to 
evolutionary change, for example, the changes that have occurred in the human lineage after separating 
from chimps. 

Some evolutionary biologists, for example Allan Wilson, have proposed that evolution in promoter or 
regulatory regions may be more important than changes in coding sequences over such time frames. 



Binding 
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The binding of a promoter sequence (P) to a sigma factor-RNAP complex (R) is a two-step process: 

1. R+P ^ FlP(closed). lo'^ 

2. RP(closed) RP(open). K=10~^ 

Diseases associated with aberrant promoter function 

Though OMIM is a major resource for gathering information on the relationship between mutations and 
natural variation in gene sequence and susceptibility to hundreds of diseases, it requires a sophisticated 
search strategy to extract those diseases that are associated with defects in transcriptional control where 
the promoter is believed to have direct involvement. 

This is a list of diseases that evidence suggests have some involvement of promoter malfunction, either 
through direct mutation of a promoter sequence or mutation in a transcription factor or transcriptional 
co-activator. 

Keep in mind that most diseases are heterogeneous in etiology, meaning that one "disease" is often 
many different diseases at the molecular level, though the symptoms exhibited and the response to 
treatment might be identical. How diseases respond differently to treatment as a result of differences in 
the underlying molecular origins is partially addressed by the discipline of pharmacogenomics. 

Not listed here are the many kinds of cancers that hivolve aberrant changes in transcriptional regulation 
owing to the creation of chimeric genes through pathological chromosomal translocation. 

Canonical sequences and wild-type 

The usage of canonical sequence for a promoter is often problematic, and can lead to misunderstandings 
about promoter sequences. Canonical implies perfect, in some sense. 

In the case of a transcription factor binding site, then there may be a single sequence which binds the 
protein most strongly under specified cellular conditions. This might be called canonical. 

However, natural selection may favor less energetic binding as a way of regulating transcriptional 
output. In this case, we may call the most common sequence in a population, the wild-type sequence. It 
may not even be the most advantageous sequence to have under prevailing conditions. 

Recent evidence also indicates that several genes (including the proto-oncogene c-myc) have G- 
quadruplex motifs as potential regulatory signals. 

Diseases associated with promoter elements 

. AsthmaE3]t4] 

■ Beta thalassemiaf^3 

■ Rubinstein-Taybi syndromel^^^ 
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Description 

I0001I The present invention r^ates to bidirecticMial promoters allowing efficient and coordinate expression of two or 
more genes, to gene transfer vectors containing these promoters, to particles transducing said vectors into a cell, to the 
s use of said vectors for the delivery and expresaon of multiple genes in target cells, also for gene therapy, and for the 
manufacturing of medicaments. 

TECHNICAL BACKGROUND 

10 [0002] Expression of multiple transgenes within the same target cells is required for several gene transfer and therapy 
applications''. Gene-function studies are best performed by expressing cDNAs together with a marker gene; by this 
approach, genetically-modified cells can be identified and monitored in vitro and in vivo. Similarly, gene therapy appli- 
cations can be improved by purfflcatlon of gene-corrected cells before In vivo administration, taking advantage of coor- 
dinate expression of selectable markers. Gaietically-modified cells can be amplified ex vivo or in vivo by introdudng 

15 growth-promoting or drug-resistance genes together with the therapeutic gene, as recently shown by MGMT-medlated 
selection of transduced Hematopoietic Stem Cells (HSC)^; using this approach, the efficacy of gene therapy can be 
increased, and its application potentially extended to a wide spectrum of diseases 3.+, 

[0003] Conversely, genetically-modified cells expressing conditionally cytotoxic genes, together with the therapeutic 
gene, can be eliminated in vivo, if adverse events occur; this approach is used to control graft-versus-host disease 

20 following donor T-lymphocytes infusion to treat leukemia relapse^; it may also provide an important safety provision in 
HSC gene transfer, given the recent occurrence of leukemia related to vecfw integration in a successful clinical trial of 
X-linked Severe Combined ImmunoDeficiencyB. Coordinate expression of more than one transgene is essential when 
the activity to be reconstituted by gene transfer depends on multiple sutHjnits encoded by different genes, or requires 
the synergism of separate molecules. For instance, reconstitution of the dopamine biosynthelic pathway in striatal 

25 neurons of Parkinson's disease patients requires co-expression of tyrosine hydroxylase with GTP-cyclohydrolase I and/or 
DOPA decarboxylase^; cancer gene therapy may require co-expression of multiple antigens and/or cytokines in antigen- 
presenting cells for immunotherapy, and of two T-cell receptor chains in T-cells engineered for adoptive transfer^. 
[0004] In spite of such well-recognized needs, reaching coordinate, high-level expression of multiple transgenes in 
the majority of target cells has been a signlHcant challenge for gene transfer technology. Two different transgenes have 

30 been expressed by two separate vectors; yet, only a fraction of target cells was transduced by both vectors and a 
heterogeneous population of cells was obtained that expressed either one or two genes in different ratios, preventing 
reliable studies and/or efficacious applications. Alternatively, two or more transgenes have been expressed by diffierent 
promoters within the same vector^; yet, differmt tissue specificity and mutual interference between promoters often 
prevented efficient co-expression in the same target celts^°. Differerrtial splicing generates multiple transcripts from the 

35 same promoter, but it has proven difficult to adapt to viral delivery of multiple transgenes''''. Chimeric polyproteins that 
self-process co-translationaily into separate components have been generated using the self-cleaving peptide of the 
Foot and Mouth Disease Virus 2A'' 2. 13; however, application of this technology to multiple gene transfer has been limited 
until now because it requires sophisticated engineering, restricts both proteins to the same cellular compartment, and 
introduces sequence changes that may affect protein activity, stability, and immunogenicity. 

40 [0005] The most satisfactory approacfi to multiple gene transfer until now has relied on using internal ribosome entry 
sites (IRES's)''*. These sequences, identified in viral and cellular transcripts, control translation in a "i'^"Acap-independ- 
ent mannw and, when inserted between two genes in a bicistrontc messenger RNA, altow translation of the downstream 
gene. The authors tested the performance of different IRES's in the ccmtext of self-inactivating (SIN) lentiviral vectors 
(LVs), and found significant limitations of this approach. 

IS [0006] WO02/064804describes bi-directional dual promotercomplexesthatareeffectiveforenhancing transcriptional 
activity of transgenes in plants. 

[0007] The bi-d ireotional promoters of the invention inci ude a mod ified enhancer region with at I east two core promoters 
on either side of the modified enhancer in a divergent orientation. The application refers to gene expression in plants. 
In addition, the approach requires the duplication of tandem oriented enhancer sequences in a modified internal region 
50 of the construct, to be joined by two identical or homologous minimal promoters on either sides. The instant invention 
does not require duplication of enhancer or any other sequences in the efficient promoter of the bi-directional construct, 
nor are need that the core promoters on either sides of it to share at least 30% identity. Finally, tandem duplication may 
be incompatible with retro/lentivirat delivery. 

[0008] US 6,388,1 70 discloses plant vectors, having bi-directional promoters, comprising a minimal promoter and a 
65 common promoter, wherein said minimal promoters is opera biy linked to said common promoter, in opposite orientation 
to said common promoter, and 5' to said common promoter. Promoter sequences derived from plants and plant-infecting 
viruses are disclosed dnd tested in plant cells or plant parts. 

[0009] Given the substantial evolutionary distance between plants and animals, US 6,368,1 70 does not teach how to 
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engineer animal promoters for bidirectional activity and whether bi-directional promoters may effectively worl< in animal 
ceils. In addition, US 6.388,170 does not teach how to engineer bi-directional promoters for gene expression In animals 
and In animal cells using the available gene transfer methods. 

[0010] WO01/34825 discloses cell lines, plasmids and vectors useful for the production of recombinant viruses such 
5 as adenoviruses, which are useful in gene therapy. The cell lines, plasmids and vectors comprise inducible promoters, 
such as bi-directional promoters for the coordinate expression of bidirectionally cicmed gene. However only bi-directional 
Tet-regulated constructs are disclosed. 

[001 1] Thus, the authors explored novel strategies to take full advantage of gene transfer systems, such as LV, that 
allow efficient ex vivo transduction and direct in vivo administration. 

10 

DESCRIPTION OF THE INVENTION 

[0012] The authors developed a novel vector design in which synthetic bi-directional promoters mediated coordinate 
transcription of two divergent RNAs. The authors show that LVs carrying bi-directional promoters coordinately expressed 
's two transgenes in the vast majority of transduced cells clearly outperforming the bicistronic vectors. The efficient per- 
formance of the new bi-directional LVs in primary hematopoietic cells, assayed ex vivo and after transplantation, and in 
several tissues in vivo, after direct vector delivery or transgenesis was established. The invention overcomes a long- 
standing hurdle in the quest for improved gene-expression tools and are expected to advance the reach and safety of 
gene therapy. 

20 [0013] It Is therefore an object of the instant invention a bidirectional promoter for expression of at least two coding 
sequences in opposite direction in animal cells comprising 5' end to 3' end: 

a) a first minimal promoter sequence derived from cytomegalovirus (CIWV) or mouse mammary tumor virus (IWMTV) 
genomes; 

25 b) a full efficient promoter sequence derived from an animal gene; 

the two promoter sequences driving a coordinate transcription of said coding sequences in the opposite orientation. 
[0014] In the ambit of the instant invention a full efficient promoter sequence means a sequence driving an efficient 
transcription of primary transcript. Preferably It comprises an enhancer region and a minimal promoter sequence, either 
30 distinct or overlapping. More preferably the full efficient promoter sequence derives from the phosphoglycerate kinase 
or from the ubiquitin promoter. 

[0015] It is an object of the invention a bidirectional expression cassette essentially comprising the bidirectional pro- 
moter as above disclosed, convenient insertion sites positioned downstream to each promoter, and polyadenylatlon 
sites positioned downstream to each insertion site. 

35 [0016] Preferably the bidirectional e^qjression cassette further comprises at least one post-transcriptional regulatory 
element positioned upstream to one or each polyadenylatlon site. iVIore preferably the bidirectional expression cassette 
further comprises at least one internal ribosome entry site (IRES) sequence to express three or more genes. 
[001 7] It is an object of the invention an expression construct containing the bidirecfional promoter, as above disclosed. 
[0018] It is an object of the invention an expression construct containing the bidirectional expression cassette, as 

40 above disclosed. 

[0019] It is an object of the invention a gene transfer expression vector containing the expression construct as above 
disclosed further comprising lentiviral or retroviral sequences. 

[0020] It is an object of the invention the use of the gene transfer expression vector for the preparation of a delivery 
and expression system in animal cells, preferably in vivo tissue animal cells, more preferably, brain neurons. 
45 [0021] It is an object of the invention an in vitro method for the coordinate expression of two exogeneous coding 
sequences into an animal cell comprising the following steps: 

a) cloning said coding sequences into the genetransfer expression vector according to claim 8, each coding sequence 
under the control of one of tiie two promoters of the bidirectional promoter; 
50 b) transforming animal cells by means of said vectors; 

c) allowing the expression of the vector. 

[0022] Preferably the animal cell is an human cell, more preferably the human cell is a retransplantable human cell, 
even more preferably the refransplantaWe human cell is an hematopoietic cell. 
ss [0023] Alternatively, the transformation of tissue cells in vivo may be peri'ormed by direct delivery of the vector, such 
as into brain neurons. 

[0024] It is an object of the invention a method for generating a transgenic non human organism comprising the step 
of transfoming appropriate cells by means of the gene transfer expression vector as disclosed above. 
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[0025] The vectors of the invention can be advantageously utilized for gene function and target validation studies In 
vitro and In vivo; gene therapy; expresaon of multiple genes in animal c^is; generation of transgenic animals and 
eventually knock down of multiple genes; and for manufacturing of medicaments, as well. 

5 FIGURE LEGENDS 

[0026] The invention will be now described w^ith reference to following Figures: 

Fig. 1. Gene transfer performance of bicistronic lentiviral vectors, (a) Scheme of the proviral vectorform. A bicistronic 

10 expression cassette containing an internal ribosome entry site (IRES) derived eltherfrom the encephalomyocarditis 

vims (EMCV), with wild-type (wt)or mutated (mut) translation start site, or from the 5' untranslated NF-kB repressing 
factor mRNA (NRF) was driven by the human immediate early cytomegalovirus (CMV) or phosphoglycerate kinase 
(PGK) promoter. AU3, R and U5, LTR regions with deletion in U3; SD and SA, splice donor and acceptor site; ijf, 
encapsidatlon signal Including the 5' portion of the gag gene (GA); RRE, Rev-response element; cPPT, central 

IS polypurine tract; WPRE, woodchuck hepatitis virus post-transcription regulatory element, (b) Southern blot analysis 

of HeLa cells transduced by the indicated monocistronlc (CMV) or bicistronic vectors expressing luciferase (gene 
1 ) and GFP (gene 2) from the CMV promoter, probed for the WPRE sequence. All vector integrated with the expected 
length of DNA. Vector copy number was determined relative to a plasmid standard curve and used to normalize 
vector stocks and ensure similar levels of integration for each vector in a given target cell type in the experiments 

20 shown in c-f. (c-f) Luciferase and GFP expression in human HeLa cells (c), umbilical vein endothelial cells (HUVEC, 

d), peripheral blood lymphocytes (PBL, e), and cord blood-derived CD34+ progenitors (f) transduced 5-7 days betore 
with a monocistronlc (□, CMV) or the indicated bicistronic CMV-luclferase-GFP vector. Left column, histograms 
representing net luciferase activity in cells extracts, mean ± SD. Right panel, dot plots representing GFP expression 
by FACS analysis, the frequency and the mean fluorescence intensity (MFI, X) of GFP-*- cells is indicated. The 

2S control monocistronlc vector expressed luciferase in the histogram (□), and GFP in the leftmost dot plot (CMV) for 

each cell type, (g, h) FACS analysis of ANGFR and GFP expression in 293T cells (g) and CD34+ progenitors (h) 
transduced by a EMCV wt IRES vector expressing ANGFR and GFP from the PGK promoter. Histograms In panel 
(h) show the distribution of ANGFR expression in all viable cells analysed (left), and of GFP expression in the gated 
(Ml ) ANGFR+ cells (right). Experiments shown are representative of at least three performed with similar results. 

30 Fig. 2. Gene transfer performance of bidirectional lentiviral vectors, (a) Scheme of the proviral vector form. A 

bidirectional promoter made by minimal core promoter elements from the human cytomegalovirus (mCMV) joined 
upstream, and in oppoate orientalion, to an efficient promoter, derived from ttie human phosphoglycerate kinase 
(PGK) or poly-ublqulHn UBI-C gene, was driving divergent transcription of two RNAs. CTE, constitutive transport 
element from the Mason-Pfizer rnonkey virus; pA, polyadenylation site A firom the Simian Virus 40. Other vector 

36 features as in the legend to figure 1 . (b) Net luciferase activity and (c-e) GFP expression in HeLa cells transduced 

5-7 days before with LVs carrying the indicated bi-direcllonal or control expression cassettes. The frequency and 
MFI (X) of GFP-t- cells at FACS analysis is indicated in the dot plots to the right Luciferase activity was determined 
for the two marked vectors (□, ■). (f-j) ANGFR and GFP expression in HeLa cells transduced 5-7 days before with 
serial 10-fold dilutions of LVs carrying the indicated expression cassette. The frequency of ANGFR+ (upper left 

40 region) and ANGFR/GFP double positive (upper right region) cells, with the respective MFI of ANGFR (Y) and GFP 

(X), are indicated in the FACS dot plots. Experiments shown are represHitative of at least three perfomied with 
similar results. 

Fig. 3. Comparison of bi-directional and bicistronic lentiviral vectors performance. ANGFR and GFP expression In 
293T cells transduced 3 weeks before with serial 1 0-fold dilutions of LVs carrying the indicated expression cassette. 

4S The total percentage of ALNGFR-exp^essing cells and of ALNGFR/GFP double positive cells (in brackets) are 

indicated above the FACS dot plots. The average number of vector Copies per Cell (CpC) is Indicated in each plot, 
with the expected frequency of transduced cells according to the Poisson's distribution of random independent 
events. Although virtually all integrated vectors expressed ANGFR, its level of expression and the fraction of trans- 
duced cells co-expressing GFP were much higher for the two bi-directional vectors tested (MA1 and MA4) as 

so compared to the EMCV wt IRES bicistronic vector. 

Fig. 4, Dual-gene transfer in hematopoietic cells by bi-directional vectors, (a-c) Human cord blood CD34■^ progenitors 
were transduced by the GFP-ANGFR MA1 vector in the presence of early acting cytokines as described^s, and 
analysed either after 7 days of culture In the same medium (a), and after additional 10 days in medium prcHnoting 
myeloid differentiation (b), or after seeding in methylcellulose-based clonogenic medium. For (a) and (b), a dot plot 

55 showing ANGFR and GFP expression by FACS analysis is shown, together with histograms showing the distribution 

of ANGFR expression in all viable cells analysed (top), and of GFP expression in the gated (M1) ANGFR+ cells 
(bottom). The percentage of immature progenitors expressing CD34, and of differentiating cells expressing the CD 
13 myeloid marker at the time of analysis is indicated. For (c), representative light (left) and fluorescent (right) 
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micrograph of the indicated type of CFC are shown, (d, e) Human peripheral Wood lymphocytes were transduced 
either after 2-day activation with anti-CD3 and anti-CD28 antibodies (d), or after 4-day treatment with lnterteukin-7, 
as described^'^, (e), and analyzed for ANGFR and GFP expression as described above, (f, g) Purified (lln-) murine 
bone marrow progenitors were transduced without cytokine stimulation as desciibed^8_ and analyzed for ANGFR 
5 and GFP expression after 7 days in liquid culture (f), or immediately trans(rfanted into lethally-irradiated syngenic 

recipients, FACS analysis of the peripheral blood of a representative mouse 2 months after transplant is show) in 
g. Experiments shown are representative of three performed with similar results. In d-f, cells transduced to low vector 
copy numbers are shown for more stringent performance analysis. 

Fig. 5 In vivo dual-gene transfer by bi-directional vectors. HIgh-tlter of GFP-ANGFR MA1 LV were stereotactically 

10 injected into the striatum of adult mice. Cryostatic brain sections were obtained two months after injection and 

analyzed by immunofluorescence and confocal microscopy. Representative pictures of the injected area are shown, 
after immunostaining for ANGFR (red), GFP (green), and TO-PR03 staining for nuclear DNA (blue). Fluorescent 
signals were sequentially acquired from single optical sections and are shown individually and after merging (merge). 
Original magnification 200X (Scale bar =120 ft,m) 

1S Fig. 6 Dual-transgenesis by bi-directional vector. Transgenic mouse lines were generated by direct injection of GFP- 

ANGFR MAI LV into the perivltelline space of single-cell embryos, as described^^, and the Indicated tissues were 
analyzed for ANGFR (red) and GFP (green) expression by immunofluorescence and confocal microscopy on cry- 
ostatic sections. Nuclei were stained by T0-PR03 (blue). Fluorescent signals were sequentially acquired from single 
optical sections and are shown individuaily and after merging (merge). The pictures shown were obtained from an 

20 F1 mcHJse carrying two vector genomes integrated into the germ-line. Similar pictures were obtained from other 

transgenic mice analyzed that earned similar or higher number of vecior copies. Original magnification 200X (spleen, 
lung), 400X (hearth, kidney, brain, livw), 630X (gut) (Scale bar = 120 |*m) 
Fig. 7a Map of the plasmid containing the lentiviral vector construct RRL-MA1 -lucif/GFP, 
Fig. 7b Sequence of the plasmid cwitaining the lentiviral vector construct RRL-MA1 -lucif/GFP. 

25 Fig. 8a Map of the plasmid containing the lentiviral vector construct CCL-MA1-GFP/deltaLNGFR. 

Fig. 8b Sequence of the plasmid containing the lentiviral vector construct CCL-MA1 -GFP/deltaLNGFR. 
Fig. 9a Map of the plasmid containing the lentiviral vector construct RRL-MA2-lucif/GFP. 
Fig. 9b Sequence of the plasmid containing the lentiviral vector construct RRL-MA2-lucif/GFP. 
Fig. 10a Map of the plaanid containing the lentiviral vector construct CCL-MA3-GFP/deltaLNGFR. 

30 Fig. 10b Sequence of the plasmid containing the lentiviral vector construct CCL-MA3-GFP/deltaLNGFR. 

Fig. 11a Map of the plasmid containing the lentiviral vector construct CCL-MA4-GFP/deltaLNGFR. 
Fig. lib Sequence of the plasmid containing the lentiviral vector construct CCL-MA4-GFP/deltaLNGFR. 

EXAMPLE 1 

3S 

MATERIALS AND METHODS 
Plasmid construction 

40 [0027] All transfer vectors were built from plasmid pCCL.sin.cPPT.PGK.GFP.WPRE 15 using the following previously 
described sequence elements: EMCV IRES's with the downstream gene coding sequence starting at the 11* ATG of 
the IRES (wt) or with the 1 1'" ATG of IRES mutated to create a Hindlll cloning site and allow translation initiation at me 
downstream transgene ATG iSCEMCVmut), the NRF IRES 18, the MPIWV CTEZ1, a minimal GMV core promoted^o, a 
1226 bp fragment from the Ubiquitln-C promoter 19. 

45 

Construction of lentiviral vector with bi-directional promoters 

[0028] To generate the lentiviral construct RRL-MA1, an Xhol-Xhol fragment containing the SV40polyA.CTE.Luci- 
ferase.minhCMV elements (derived from the lentiviral construct 
SO [0029] pRRL,sln.cPPT.SV40polyA.CTE.Luciferase.minhCMV,TetO7.minMMTV.eGFP) was cloned into the lentiviral 
vector construct pRRL.sin.cPPT.hPGK.eGFP.Wpre (Follenzi et al„ 2000) cut with the same enzyme to obtain RRL- 
MA1-ludf/GFP{pRRL.sin.cPPT.SV40polyA.CTE.Luciferase.minhCMV.hPGK.eGFP.Wpre). 

[0030] To generate the lentiviral construct CCL-MA1, two fragments were doned into the lentiviral constnjct 
pRRL.sin.cPPT.hPGK.ALNGFRWpre first cut with Kpnl, blunted and then cut with Xhol, the first fragment contaiining 
55 the m in hCM V. e G F P eleme nts was derived from the lentiviral construct pRRL.sin.cPPT.SV40polyA.CTE . Luciferase.min- 
MlVITV.Tet07.minhCMV.eGFP cut with Kpnl, blunted and then with Xhol and the second derived from the constnjct 
pRRL,sin,cPPT.SV40polyA.CTE.tTA2.Wpre cut with BamHI, blunted and then cut with Notl. The resulting lentiviral 
construct pRRL.sin.cPPT.SV40polyA.CTE.Luciferase.minMMTV.TetO7,minhCMV.eGFP was cut with Notl and Avrll 
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and the fragment containing the cPPT.SV40po]yA.CTE,eGFP,mlnhCMV.hPGK. ALNGFRWpre was cloned into tiie len- 
tiviral construct pCGL.sin.cPPT.hPGK.eGFP.Wpf© cut with the same enzymes to obtain CCL-MA1-GFP/ALNGFR (pC- 
CL.srn.cPPT.SV40polyA.CTE.eGFP.minliCIWV.hPGK. ALNGFRWpre). 

[0031] To generate the lentiwral construct RRL-MA2, a Hindlll-BamiHI fragment containing the hFGK.Luciferase el- 
S ements (derived from the lentiviral vector construct pRRL.sin.cPPT.hPGK.Ludferase.tRES.Wpre) was cloned into the 
retroviral construct S F2-cLC M2G (obtained from Raine r Loew, U niversity of Held elberg , FRG ) cut with the same enzymes 
to obtain the construct cPPT.SV40polyA.CTE.Luciferase.hPGK.minMIVITV.eGFP. This construct was first cut with Sail, 
blunted and then cut with BamHI and the fragment containing the Luciferase.hPGK.minMMTV.eGFP elements was 
cloned into the lentiviral vector constnjct pRRL.sin.cPPT.SV40polyA.CTE.tTA2.Wpre cut in the same way, to obtain 
10 RRL-MA2-lucif/GFP{pRRL.sin.cPPT.SV40polyA.CTE.Luciferase.hPGK.minMMTV.eGFP.Wpre). 

[0032} To generate the lentiviral construct CCL-MA3, two fragments were cloned into the pBLKS+ cut witti Hindlll 
and Xhol, the first fragment containing the CTE.SV40polyA elements was derived from the lentiviral vector construct 
pRRL.sin.cPPT.SV40poiyA.CTE.tTA2 cut with Hindlll and Xbal and «ie second fragment containing the minMMTV.GFP 
elements derived from the construct cPPT.SV40polyA.CTE.Luciferase.hPGK.minMMTV.eGFP cut with Xhol and Xbal 
is to obtain the construct pBLKS+ minMMTV.GFP.CTE.SV40polyA. The resulting construct was cut with EcoRV and Xhol 
and the fragment containing the minMMTV.GFP.CTE.SV40polyA was cloned into the lentiviral vector construct pC- 
CL.sin.cPPT.hPGK. ANGFR. Wpre cut with the same enzymes.to obtain the final lentiviral vector construct CCL-MAS- 
GFP/ANGFR (pCCL.sln.cPPT.SV40polyA.CTE.GFP,mtnMlVtTV.hPGK. ANGFR.Wpre) 

[0033] To generate the lentiviral construct CCL-MA4 the fragment derived from pHR'.UBI-C.eGFP cut with Pad, 
20 blunted and cut with PstI, containing the UBI-C promoter sequence, was inserted into the place of the PGK promoter 
into construct pGCL.sln.cPPT.SV40polyA.CTE.GFP.minCMV,PGKANGFR.Wpre cut with EcoRV and PstI to obtain the 
final lentiviral vector construct CCL-MA4-GFP/ANGFR (pCCL.sln.cPPT.SV40polyA.CTE.GFP.minCMV.UBI-C. ANG- 
FR.Wpre) 

[0034] The maps and the nucleotide, sequences of the RRL-MAI-luciPGFP, CCL-MA1-GFP/ALNGFR, RRL^A2- 
25 lucif/GFF; CCL-MA3-GFP/ALNGFR; CCL-MA4-GFP/ALNGFR constructs are shown respectively in figures 7a-11a and 
figures 7b-11b. 

Vector production and titration 

30 [0035] VSV-pseudotyped third-generation LV were produced by transient 4-plasmid co-transfection into 293T cells 
and purified by ultracentrifugatlon as described ^5, with the modification that 1 mM NaButyrate was added to the cultures 
lor vector collection''^. Expression titer of GFP or ALNGFR vectors were estimated on HeLa cells by limiting dilution. 
Vector particle was measured by HfV-1 gag p24 antigen Immunocapture (NEN Life Science Products). Vector infectivity 
was calculated as the ratio between tilar and particle for the vector expressing GFP or ANGFR. Vector expression titer 

35 in tile 293T supernatant ranged from 0.7 to 1x10^ Transducing UnltsHeLa(TU)/ml for monodstronic CMV or PGK vector, 
from 3 to 8x106 tu/ml for bicistronic vectors and bi-directional vectors. Vector Infectivity ranged from 0,5 to 1x1 0^ TU/ng 
of p24 for monocistronic CMV or PGK vector, and from 2 to 6x1 0"* TU/ng of p24 for bicistronic and bi-directional vectors. 

Cell cultures 

40 

[0036] Continuous cultures of HeLa and 293T cells were maintained in Iscove's modified Dulbecco's medium (IMDM; 
Sigma, Milan, Italy) supplemented with 10% fetal bovine serum (FBS; Gibco, Invitrogen Corporation, UK) and a combi- 
nation of penicillin-streptomycin and glutamine. Primary cultures of human umbilical vein endothelial cells (HCTVECs), 
peripheral blood lymphocytes, and cord blood CD34+ progenitors were obtained and maintained as describedi^. CD34+ 

4S progenitors were transduced with 5x10^ TU/ml of LV and cultured for at least 7 days in the presence of recombinant 
human interleukin 6 (rhlL6, 20 ng/ml), recombinant human stem cell factor (rhSCF, 100 ng/ml), recombinant human 
FLT-3 ligand (rhFLT-3 llgand, 100ng/ml), all from PeproTech (Rocky Hill, NJ), and recombinant human thrombopoietin 
(rhTPO, 20 ng/ml; Amgen, Thousand Oaks, CA) as described23, For differentiating conditions, transduced progenitors 
were cultured for 10 days in the presence of rhSCF, 50 ng/ml, recombinant human granulocyte monocyte-colony stim- 

so ulating factor (rhGM-CSF, 20 ng/ml), recombinant human monocyte-colony stimulating factor (rhG-CSF, 20 ng/ml), all 
from PeproTech. For clonogenic assays, transduced cells were plated at a density of 800 cells/ml in human complete 
MethoCult medium (StemCell Technologies, Vancouver, CA) and were scored by light and fluorescence microscopy 14 
days later. 

[0037] Human peripheral blood lymphocytes were purified by Ficoll gradient and transduced with 0.5-5x1 0'' TU/ml of 
S5 vector either after 2-day activation wiUi 30ng/ml anti-CD3 antibodies (Orthoclone, Milan, Italy) plus Vg/ml anti-CD28 
antibodies (PharMingen, San Diego, CA), or after 4-day treatment with 5ng/ml interieukin-7 (Boehringer Mannheim- 
Roche GmbH, Mannheim, Germany), as described^''. 

[0038] Purification of lineage marker-negative cells from C57BL/6 mouse bone manrow with a magnetic cell depletion 
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technique (StemCell Technologies, Vancouver, CA), ex vivo transduction in serum-free StemSpan medium (StemCell 
Technologies, Vancouver, CA) with 0.5-2x1 0^ TU/m! of vector, and transplantation into lethally irradiated syngenic 
recipients were performed as described "B. 

S Mice 

10039] CD1 , C57BL/6 and FVB mice were purchased from Charles Rivers Laboratories (Caico, Italy) and maintained 
in SPF conditions, AN animal procedures were performed according to protocols approved by the Hospital San Raffaele 
Institutional 

10 [0040] Animal Care and Use Cwnmittee. 
DNA analysis: Southern and real time PCR 

[0041] Vector copies per genome were quantified by Real-Time PCR from 300 ng template DNA extracted from cells 
IS by a commercial kit (Qlagen), using one set of primers and probe to detect the LV backbone: 

LV forward primer, 5'-TGAAAGCGAAAGGGAAACCA-3'; 

LV reverse primer, 5'-CCGTGCGCGCTTCAG-3'; 

LV probe. 5'-(VIC)-CTCTCTCGACGCAGGACT-(TAMRA)-3'. 

20 

[0042] Reactions were carried out acctwding to manufacturer instructions and analysed using the ABI Prism 7700 
sequence detection system (PE-Applied Blosystem). For Southern Wot, DNA was eixtracted from transduced cells, 
digested with Afl-ll to release the expression cassette from integrated vector DNA and analysed with a WPRE probe to 
detect vector sequences. The average number of integrated vector copies was determined reladve to a plasmid standard 
2s curve. 

[0043] These numbers were used to calculate vector integration titer and nonnafize vector stocks for all subsequent 
transduction experiments to ensure similar levels of integration for each vector tested. 

Experimental Design and Stereotactic Injection. 

30 

[0044] Nine weeks-old C57BL/6 mice were anesthetized with intraperitoneal injection of Tribromoethanol 1 .25% (SIG- 
MA), positioned in a stereotactic frame (David Kopf Instruments, Tujunga, CA) and the skull exposed by a small incision. 
Two fii of vector concentrate (2 xlO^ TU/jil) was injected by a Hamilton syringe with a 33G blunt tip needie (Hamilton; 
Reno, NV) into the left hemisphere striatum (stereotactic coordinates in mm from bregma: ^=+0.74, ML=-1 .9 and DV=- 
35 3.6 finom skull surface) at a rate of 0,2 iml/min. The needle was left in place for additional 5 minutes before slow removal. 

Transgenesis 

[0045] Transgenic mice were generated using LV as described by Lois et al.^®. Briefly, female FVB mice were super- 
ovulated with a combination of pregnant mare serum and human chorionic gonadotropin. On average between 20 and 
30 embryos were collected per female and microinjected into the perivitelline space with 10-1 00 pL of 5x1 0'^ TU/ml LV 
stock on the same day. {Manipulated embryos were immediately implanted into the oviduct of pseudopregnant CD1 mice. 
Pups were genotyped for the presence of the GFP sequence by PCR analysis as described*^. Positive mice were bred 
to test germ-line trasmission of the transgene. DNA was extracted from the tail and used to quantity vector copy number 
45 by real time PCR in founder and F1 progeny mice. 

Flow cytometry and Luclferase assay 

[0046] Transduced cells were grown for at least 4 days before FACS analysis to reach steady state GFP expression 
so and to rule out pseudotransduction. Before FACS analysis, adherent cells were detached with 0.05% trypsin-EDTA, 
washed, and fixed in phosphate buffer saline (PBS) containing 1 % parafonnaldehyde (RAF) and 2% FBS. Cells grown 
in suspension were washed and resuspended In PBS containing 2 (tg/ml pro|»dium iodide (PI) (BD Bioscience PharMln- 
gen, San Diego, CA) and 2% FBS. For immunostaining, 10^ cells were blocked in PBS 5% mouse serum, 5% human 
serum, 2% FBS for 1 5 min at 4°C. After blocking, IOilI of R-phycoerythrin (RPE)-conjugated antibodies {anti-CD34 and 
55 anti-CD13, Dako, Glostrup, Denmark, and anti-ALNGFR, BD Bioscience PharMingen, San Diego, CA) were added and 
the cells were incubated for 30 min at 4°C, washed, stained with Pi, and analyzed by three-color flow cytometry. Only 
viable. Pi -negative cells were used for the analysis. 

[0047] Luciferase was assayed in cell lysates prepared as described by the manufacturer (luclferase assay system, 
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Promega). RLU were measured with a Lumat LB9507 luminometer (Barthold) after mixing cell lysates {normalized for 
protein content measured by BCA Protein Assay Reagent kit Pierce) witli Luciferase Substrate (Promega). 

Tissue analysis 

5 

[0048] Anesthetized mice were perfused with 0.9% NaCi followed by 4% PAF in PBS. Tissue samples were collected, 
equilibrated in 20% sucrose in PBS for 48 h at 4°C, and embedded in optimai-cutHng-temperature compound (OCT) for 
quick freezing. 1 0|im (for transgenic mice) and 20|xm (for stereotactic injected mice) thick cryostatic sections were post- 
fixed in PAF and frozen at -80 °C, Sections were blocked with 5% goat serum (Vector Laboratories) in PBS containing 

10 1 % bovin e serum al bumine (BSA) and 0.1 % Triton X-1 00 (PBS-T), and incubated with rabbit affinlty-pu rified GFP anti body 
(IVIolecular Probes) and R-phycoeryttirin (RPE)-conjugated ALNGFR monoclonal antibody (BD Bioscience PharMingen, 
San Diego, CA) for 1 h, washed and stained with AlexaFjuor488-conjugated goat anti-rabbit antibody (Molecular Probes) 
in PBS-T and 1% BSA for 1 h. Cell nuclei were stained with TOPRO-3 after 1h of RIvJAse treatment (Molecular Probes). 
Sections were mounted and analyzed by three-laser confocal microscope (Radiance 2100; BioRad). Fluorescent signals 

IS from single optical sections were sequentially acquired and analyzed by PhotoShop 7.0 (Adobe). 

RESULTS 

Bicistronic LVs 

20 

[0049] In order to express more than one transgene from a single vector, the authors first evaluated the performance 
of different IRES's in the context of late-generation self-inactivating LVsis. They used the strong CMV and PGK promoters 
to drive expression of bicistrcHiic transc^pts encoding, from the 5' to the 3' end, the luciferase reporter, an IRES, and 
the cell-associated GFP marker (fig. 1a). Two IRES's were derived from the Encephalomyocarditis virus; a wild-type 
25 (EMCVwt) and a mutant (EMCVmut) form 16, 17, that differed for the ATG from which downstream translation started. 
Another IRES was derived from the 5' untranslated sequence of the NF-kB transcription Repressing Factor (NRF) 
mRNA^S. 

[0050] They generated high-titer VSV-pseudotyped stocks of all bicistronic and control monocistronic vectors, and 
normalized them for transducing activity measuring integration In HeLa cells by Southern blot (fig. lb). They then com- 

30 pared gene expression in cells transduced to equal vector copy numbers (Fig. 1c-f), Although luciferase activity was 
similar in HeLa cells transduced by CMV-luciferase vector and in cells transduced by the best performing bicistronic 
vector, only a small fraction of the latter cells expressed the IRES-depandent GFP gene, with a ten-fold decrease in 
expression Uter as compared to cells transduced by the control CMV-GFP vector (Fig. 1 c). Moreover, the GFP mean 
fluorescence intensity (MFI)wassignificantly lower in cells expressing the proton from the IRES's than in cells expressing 

35 it from the "''"^*Cap. They then tested bicistronic LVs in primary human cells, including umbilical vein endothelial cells, 
peripheral blood lymphocytes, and CD34+ cord blood hematopoietic progenitors (HPC) (Fig. 1d-f). All cell types were 
transduced efficienlly, as indicated by the frequency of GFP-positive cells in cultures transduced by control CMV-GFP 
vector, but IRES-dependent GFP expression was only observed in a fraction of cells transduced by bicistronic vectors. 
IRES activity varied extensively with the target cell type; the NRF IRES was the only one reaching detectable downsft-eam 

40 gene expression In lymphocytes, while the EMCVwt IRES was the most efficient in the other cell types. In addition, all 
IRES's decreased. In some cases more than one log, upstream gene expression, as compared to the control CMV- 
lucjferase vector. 

[0051] They also evaluated IRES-based vectors by expressing two cell-associated markers, GFP and a truncated 
version of the low-affinity NGF receptor (ALNGFR) (Fig. 1g,h). Among HeLa cells transduced by a low dose of the besl- 

45 performing bicistronic vector, only the cells expressing high levels of ALNGFR also expressed GFP, with an average of 
one out of four ANGFR-positive cells expressing GFP to detectable levels (Fig. 1g). Similarly, only a smali fraction of 
transduced CD34+ progenitors expressing ANGFR also expressed GFP to detectable levels (Fig. 1h). Overall, these 
results indicated that IRES-based bicistronic vectors failed to ensure coordinate expression of two transgenes in most 
target cell types tested, and that multi-copy transduction or selection of transduced cells for downstream gene expression 

so were required to obtain a population expressing both transgenes In the majority of cells. Bidirectional LVs 

[0052] To overcome the llmitetions of bicistronic vectors, the authors explored a new promoter design for coordinate 
transgene expression. They joined a minimal core promoter upstream, and in opposite orientation, toan efficient promoter. 
Rationale of this design was that upstream elements in the efficient promoter, when closely flanked by core promoters 
on both sides, may drive transcriptional activity in both directions. If such bi-directional activation occurred, expression 

55 of both transcripts would be coordinately regulated. Theytestedtwoubiquitously expressed promoters, previously shown 
to drive robust and efficient transgene expression in LV; the above mentioned 516 bp fragment from the human phos- 
phoglycerate kinase promoter (PGK) and a 1226 bp fragment from the human ubiquitin C promoter (U8! C)^^. They 
joined them to a minimal core promoter derived from the cytomegalovirus (minCMV) that was previously developed to 
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couple initiation of eukaryotic transcription to tetracycline (Tc)-dependent operators20. Tliey flanked the bi-directional 
promoter witti two expression cassettes optimized for LV-mediated gene delivery {fig. 2a). The upstream cassette - in 
anti-sense orientation relative to the vector LTR - included the constitutive transport element (CTE) of the Mason-Pfizer 
virus^i, and a polyadenylation site from the Simian Virus 40 (SV40). The downstream cassette included the woodchuck 

5 hepatitis virus post-transcriptional regulatory element (WPRE)22 and the SIN HiV-1 LTR polyadenylation site. 

[0053] As described above far bicislronic LVs, they verified conrect transfer and normalized transduction of each vector 
by Southem blot analysis and real-time PCR of transduced cells. LV carrying bi-directional expression cassettes wfere 
produced to high titer and infectivity, similar to those obtained with standard vectors (see IVIethods). The bi-directional 
design significantly enhanced transcriplion from the upstream minimal promoter without affecting downstream expression 

w from the efficient promoter (fig. 2b-h), Ludferase expression from the minCMV promoter, for instance, was increased 
ait least one log when fused upstream to the PGK promoter {fig. 2b). Remarkably, the bi-directional PGK promoter allowed 
detecting GFP (or ALNGFR, not shown) to the same frequency and to similar expression levels in cells transduced by 
the bi-directlOTial vector and expressing the protein from either side of the promoter (fig. 2c,d), as in cells transduced by 
ttie oontnri PGK vector (fig. 2e). Using two cell-associated markers, ALNGFR and GFP, they showed stable, efficient 

IS and coordinate expression of bi-directional LVs, both at high and low vector copy number (fig. 2f). At high vectcw input, 
they reached high-level expression of both transgenes in virtually every target cell. At low vector input, vrfien most 
transduced cells carried one proviral copy, they showed transgene co-expression in virtually every labeled cell, indicating 
the oocurrenoe of divergent transcription from the bi-directional promoter. In both conditions, transgene expression was 
maintained to similar levels in cells analyzed at early and late times post-transduclion (not shown, and Fig. 3 below). 

20 Transgene-expressi ng cells tended to distribute along a diagon al line In Bie two-color FACS plot, indicating that expression 
of the two transgenes was coordinately regulated. 

[0054] Intriguingly, they observed coordinate bi-directional expression, although to significantly lower efficiency on the 
upstream ^de than the downstream side, when they tested the sole PGK promoter in the context of the bi-directional 
expression cassette that they developed (fig. 2g). They reproduced this finding after swapping the position of the two 

2S transgenes on each sides of the PGK promoter (not shown). These results indicated that transcription-activating elements 
in the PGK promoter are intrinsically capable of triggering divergent transcription and thus provide the main driving force 
for dual-gene expression In the new LV, ensuring coordinate regulation of transcription on both sides of the bi-directional 
promoter. Apposition of the minCMV core promoter, whidi had a very low activity perse (fig. 2h, and 2b above), enhanced 
upstream transcription from the PGK promoter possibly because of more effidenl initiation (compare fig. 2g and 2f). 

30 When they changed the driving promoter in bi-directional vectors from PGK to UBI-C, they reproduced the findings 
observed with the PGK promoter (fig. 2i). They revealed an intrinsic bi-directional activity of the UBi-C promoter (fig. 2j) 
that was significantly enhanced by the upstream addition of the minCMV promoter. 

[0055] They then compared directly the performance of bi-directional and bidstronic vectors in relation to the number 
of integrated copies, as measured by real-time PCR (Fig. 3). By analyzing 293T cells transduced with increasing vector 
35 doses, they proved that the vast majority of integrated bi-directional vectors based on the PGK (MA1 ) or UBI-G (MA4) 
promoter efficiently expressed both transgenes, clearly outperforming the best IRES-based bidstronic vector. 

Ex Vivo and In Vivo Dual-Gene Transfer 

40 [0056] They then assessed the performance of the bi-directional MAI LV in more relevant targets for gene therapy 
applications and by different delivery strategies. They transduced human cord-blood HPC and PEL with ALNGFR-GFP 
MA1 LV ex vivo, according to previously optimized protocols^^' 24 {Flg.4). Both gene products were coordinately ex- 
pressed to high-levels in a large fraction of HPC scored both as immature cells grown in the presence of early-acting 
cytokines (Fig. 4a), and after differentiation in liquid culture (Fig. 4b) or clonogenic assay (Fig. 4c, GFP only). Similarly, 

^5 they obtained coordinate ALNGFR and GFP expression in PBL transduced in standard conditions of proliferation, trig- 
gered by CD3/CD28 co-stimulation (Fig. 4d), and as non-pnsliferating cells, treated only with IL-7 to maintain naive cell 
pnaperties (Fig. 4e), They also performed transplantation studies wfth transduced murine HPC, enriched from the bone 
marrow by negative selection, to prove stable dual-transgene expression in the progeny of long-term repopulating HSC 
(Fig 4f). ALNGFR and GFP were coordinately expressed to similar levels in the ex vivo transduced cells, before trans^ 

so plantation, and in the white blood cells of long-term engrafted mice. Overall, these results validated the new LV for 
proficient dual gene transfer in fMimitive, committed, and differentiated hematopoietic cells. 

[0057] They injected concentrated ALNGFR-GFP MA1 LV In Vne striatum of adult mice and scored transgene expres- 
sion 4 weeks after Injecfion by confocal microscc^ of brain sections immuno-stained for GFP and ALNGFR (fig. 5). 
They c*served robust co-expression of both transgenes in the brain tissue surrounding the injection site. As previously 
55 reported after striatal injection of VSV-pseudotyped LV25-27, the vast majority of cells expressing the markers had the 
typHcal morphology of striatal neurons. Thus, the new bi-directional LV enabled efficient in vivo dual-gene transfer. 
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Dual- Transgenesis 

[0058] They evaluated whether the new W-directional LV allowed generation of dual-transgenic mouse lines. As pre- 
viously described by Lois et al^s. they microinjected the ANGFR-GFP LV Into the perivitelline space of single-cell embryos, 

S and implanted them into pseudopregnant females. We obtained transgenic mice to high frequency, as assessed by the 
presence of vector DNA (more than 50% of newborns), and proved vector integration in the germ line by crossing some 
founder mice and analyzing their progeny for vector DNA content and transgene expression (Fig. 6). In the two F1 mice 
analyzed, carrying 2 and 5 vector copies in tlie genome, they found remarkably consistent expression of both transgenes 
In virtually every cell in the tissues studied, which included brain, liver, spleen, gut, heart, skeletal muscle, and kidney. 

10 Vector expression was also well detectable in the bone marrow and peripheral blood of the same mice, although in less 
than 100% of the cells, and more clearly for ANGFR than GFP (not shown). These data indicated that bi-directional LV 
transgenesis Is a rapid and efficient method to obtain robust, stable and coordinate expression of two transgenes in 
genetically-engineered mice. In addition, they show that the mInCMV-PGK bi-directional promoter that they developed 
governs dual transgene expression in the majority of differentiated tissues cf the mouse, and nialntains expression after 

IS Inheritance through the gemi-line. 

DiscussroN 

[0059] In the pursuit of strategies enabling efficient dual-gene transfer, they Initially faced significant limitations of 

20 IRES-based approaches . Wh en tested in the context of bicistronic LV, IRES-dependent gene expression was significantly 
lower than that dependent on the mRNAcap, and required multi-copy transduction to co-express the downstream gene 
In a sizable fraction of transduced cells. In addition, IRES's decreased expression of the upstream gene in the transcript, 
and displayed significant cell type-dependent variation in activity. Similar limitetions have been reported when Incorpo- 
rating IRES's Into other types of gene transfer vectorsi*'28-32. Thus, selection for downstream gene expression is likely 

25 to be required when using IRES to ensure co-expression in all target celts. Although selection protocols are compatible 
with some ex vivo gene transfer and therapy applications, they may adversely affect the biological properties of gene- 
corrected cells, in particular when selectable marker expression is inefficient. In fact, prolonged ex wVo culture and a 
limited size or clonal composition of the transduced ceil population may reduce engraflment, long-term survival and 
tissue repopulation aftertranspiantation^^. Even more important, theinefficiencyof IRES-dependent expression prevents 

30 most application of bicistronic vectors to direct in vivo gene transfer. Thus, authors explored novel strategies to take full 
advantage of gene transfer systems, sudi as LV, thatallow efficient ex vivo transduction and direct in wVoadministration*', 
[0060] They have developed a new promoter design based on the juxtaposition of core promoter elements upstream, 
and in opposite orientation, to an efficloit promoter. The bi-directional assembly drcwe divergent transcription, indicatir>g 
ttiat upstream enhancer/pnjmoter elements within the efficient promote were capable of promoting transcription in an 

35 orientation-independent manner and from both sides simultaneously. Upon incorporation of these promoters into LV, 
they reached efficient dual-gene transfer and coordinate expression in continuous cell lines and primary cells ex vivo. 
Because both transgenes were expressed in the vast majority of transduced cells, they did not need to select cells to 
ensure transgene co-expression. Upon direct injection of bi-directional LV into the CNS, the authors showed coordinate 
expression of two transgenes in neural cells in vivo. In addition, bl-directlonal LV allowed robust dual transgenesis, 

40 leading to pan-cellular expression of both transgenes In all tissues examined. All these results could not be reached 
until now using currently available technologies. 

[0061] By monitoring transduced cells canying a single vector copy, auUiors proved that divergent transcriplron oc- 
cunred from a single bi-directional promoter, that expression of both transgenes was functionally linked and coordinately 
regulated, and that bi-directional promoters were consistently active in all types of target cells tested, without being 

4S silenced or randomly fixed in one direction of transcription, even after cellular differentiation. Although they did not map 
how close the two opposite core promoters must be for operational linkage, they may expect that close juxtaposition of 
the fused minimal core promoter to some of (he upstream elements in the efficient promoter, as observed in natural 
promoters between core and upsft^am elements, may be required. Both the PGK and UBl-C promoters tested in this 
work drove divergent transcription when fused to a minimal core promoter in the opposite orientation, Intrigulngly, both 

so of these promoters were shown to be Intrinsically capable of promoting divergent transcription, although to lower efficiency 
on the upstream than the downstream side, when incorporated Into the bi-directional expression cassette that they 
developed. This surprising observation may Indicate a specific feature of a class of ubiquitously-expressed housekeeping 
promoters, possibly related to their content of CpG Islands (see below and^^^). However, they should not forget that 
both the promoter placement between two efficient expression cassettes endowed with post-transcriptional regulatory 

55 elements enhancing translation, and LV-mediated integration, which has been shown to preferentially target transcribed 
genes in the rfiromatin, may contribute to unravel latent transcriptional activity. Although the intrinsic bi-directional activity 
of the housekeeping promoters tested may not be efficient enough for exploitation perse, without the upstream assembly 
of core promoter elements described in this work, it provides the basis for ttie coordinate regulation of dual-gene ex- 
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pression reached by our new vectors. On the other hand, the propensity of these promoters to drive divergent transcription 
should be kept in mind when engineering vectors and analyzing transduced ceils or tissues^^, and may provide a possible 
mechanism for the frequently obsen/ed interference between nearby promoters in the same vector construct '"'■39. It is 
possible that the bi-directional design described here may be successfully applied to tissue-specific promoters to obtain 
s coordinated expression of two transgenes in specific tissues. In addition, by combining bi-directional promoters wifli 
bicistronic transcripts one could express more than two transgenes within the same cell, although with the limitations 
described above for IRES-dependent vectors. 

[0062] Inducible bi-directionai promoters were originally developed in Tet-regulated expression systems, by duplicating 
a minimal promoter on both sides of a series of Tet operator repeats, to obtain exogenously regulated expression of two 

10 transgenes36, 40,4i . y^is design was recently applied to other systems that also combine prokaryotic enhancer elements 
with chimeric trans-activators to regulate gene expression''^. Although these inducible expression systems represent 
powerful tools for gene-function studies, they are dependent on co-expression and functional activity of protein trans- 
activators, and pose several challenges when applied to vector-based delivery and in vivo applications. A constitutive 
bi-directional promoter was recently tested for exogenous gene expression in plant biotechnology''^, Our results provide 

IS the first description of synthetic bi-directiwial promoters that exploit the endogenous transcriptional machinery available 
to most animal cell types to drive robust and ccHistitutive expression of two divergent transcripts. In nature, few instances 
of bi-directional promoters had been documented until recently. Infriguingty, a recent survey of the human geriome 
indicated an abundance of divergently transcribed gene pairs, whose transcription start sites are separated by less than 
1 kb It is likely that many of the promoter elements found between these gene pairs can initiate transcription in 

20 both directions, and contain shared elements that regulate both genes''^. Thus, the synthetic bi-directional promoters 
that they have developed may mimic a well-represented and evolutionary conserved feature of eukaryotic transcription, 
providing a structural basis for their robust perfomiance. The new lenliviral vectors built around these bi-directional 
promoters will likely advance the reach and the safety of gene therapy, the power of gene-lunction and target validation 
studies, and tlie applications of animal b^nsgenesis. If adapted for the expression of short interfering RNA, they may 

2S also enable coordinate knock-down of multiple genes. 

REFERENCES 
[0063] 

30 

1. Kay, M.A., Glorioso, J.C. & Naldini, L. Nat Med 7, 33-40 (2001). 

2. Neff, T. et al. J Clin invest 112. 1581-1588 (2003). 

3. Bordignon, C. & Roncarolo, M.G.. Nat Immumol. 3, 31 8-321 (2002). 

4. Sadelain, M.. J Gene Med 4, 1 13-121 (2002). 
35 5.Bonini,C.etai. Science 276, 1719-1724(1997). 

6. Hacein-Bey-Abina, S. et al.. Science 302, 415-419 (2003). 

7. Burton. E.A., Glorioso, J.C. & Fink, D,J Gene Ther 10, 1721-1727 (2003). 

8. Sadelain, M., Riviere, I. & Brentjens, R.. Nat Rev Cancer 3, 35-45 (2003). 

9. Miller, A.D. in Retroviruses, (eds. J. Coffin, S.H. Hughes & H.E. Varmus) 437-474 (Cold Spring Harbor Laboratory 
Press, Plainview; 2000). 

10. Emerman, M. & Temin, H.M. Mol Cell Biol 6, 792-800 (1986). 

11. Zhu, Y.. etal.. Mol.Ther. 4,375-382 (2001). 

12. Klump. H. et al. Gene Ther. 8, 811-817 (2001), 

13. Purler, S., et al.. Gene Ther 8, 864^73 (2001). 

45 14. Martinez-Salas, E.. Curr.Opin.Biotechnol. 10, 458-464 (1999). 

1 5. Follenzi, A., et at.. Nat Genet 25. 217-222 (2000). 

16. Ghattas, I.R., Sanes, J.R. & Majors, J.E.. Mol.Ceil Biol. 11, 5848-5859 (1991). 

17. Qiao, J., et al.. Hum Gene Ther 13, 881-887 (2002). 

18. Oumard, A., et al.. 20,2755-2759 (2000). 

50 19. Lois, C, et ai.. Science 296, 868-872 (2002). 

20. Baron, U. & Bujard, H.. Methods Enzymol. 327, 401-421 (2000). 

21. Bray, M. et al. Proc NaU Acad Sci USA 91, 1256-1260 (1994). 

22. Zufferey, R., et al.. J. Virol. 73, 2886-2892 (1999). 

23. Allies, L. et a!.. Mol Ther 6, 615-626 (2002). 
55 24. Cavalieri. S. et al.. Blood 102, 497-505 (2003). 

25. Naldini, L, etal. Proc Natl Acad Sci U SA 93, 11382-11388 (1996). 

26. Baekeiandt, V. et al. Hum Gene Ther 13, 841-853 (20O2). 

27. Degion, N. etal.. Hum. Gene Ther. 11, 179-190 (2000). 



11 



EP1 616 012B1 



28. Sokolic, R.A, el al. Blood 87, 42-50 (1996). 

29. Wong, E.T., Ngoi, S.M. & Lee, C.G. Gene Ther 9,337-344 (2002). 

30. Kozak, M.. Gene 318, 1-23 (2003). 

31. Mizuguchi, H., et al.. Mol Therl , 376-382 (2000). 

5 32. Hennecke, M. et al.. Nucleic Acids Res 29, 3327-3334 (2001). 

33. iWazurier, F., etal. Blood 103, 545-552 (2004). 

34. Vigna, E. & Naldini, L.. J Gene Med 2, 308-316 (2000). 

35. Gardiner-Garden, M. & Frommer, M.. J. Mol Biol 196, 261-282 (1987). 

36. Lavia, P., Macleod, D. & Bird, A.. EMBO J6, 2773-2779 (1987). 
10 37. Johnson, P. & Friedmann, T.. Gene 88, 207-213 (1990). 

38. Scacheri, P.O. et ai. Genesis 30, 259-263 (2001). 

39. Vigna, E. et al.. Mol Ther 5, 252-261 (2002). 

40. Baron, U., etal.. Nucleic, Aclds.Res. 23, 3605-3606 (1995). 

41. Unsinger, J., et al.. Moi Ther 4,484-489 (2001). 
15 42. Fux, C. et al.. J Gene Med 5, 1067-1079 (2003). 

43. Xie, M., He, Y. & Gan, SNal Biotechnol 19. 677-679 (2001). 

44. Trinklein, N.D. et al.. Genonze Res 14, 62-66 (2004), 

45. Takai, D. & Jones, R.A. Mol Biol Evol 21, 463-467 (2004). 

46. Adachi, N, & Lleber, M,R. Cell 109, 807-809 (2002). 
20 47. Farson, D, et ai. Hum Gene Ther 12, 981-997 (2001). 

48. De Raima, M., et al.. Nat Med 9, 789-795 (2003). 

49. FoNenzi, A., ©t al. Hum Gene Ther 13, 243-260 (2002). 

SEQUENCE LISTING 

25 

[0064] 

<110> FONDAZiONE CENTRO SAN RAFFAELE DEL MONTE TABOR 

30 <120> LENTIVIRAL VECTORS CARRYING S\T*JTHETIC BI-DIRECTIONAL PROMOTERS AND USES THEREOF 

<130> 81240RCT 

<140> PCT/IT2004/000227 
35 <141> 2004-04-21 

<160>8 

<170> Patentin version 3.1 

40 

<210>1 
<211>20 
<212> DNA 

<213> Artificial sequence 

45 

<220> 

<223> primer 
<220> 

<221> mtsc_feature 
50 <222> (1)..(20) 

<:223> LV forward primer 

<400> 1 

tgaaagcgaa agggaaacca 20 

55 

<210>2 
<211> 15 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> primer 
S <220> 

<221> misc_feature 

<222>{1)..(15) 

<223> LV reverse primer 

W <400> 2 

ccgtgcgcgc ttoag 15 

<210> 3 
<211> 18 

15 <212> DNA 

<21 3> Artificial Sequence 

<220> 

<223> probe 
20 <220> 

<221> misc_feature 
<222> (1)..<18) 
<223> 

25 <220> 

<221> mlscjeature 
<222> (1)..{18) 
<223> LV probe 

30 <400> 3 

ctctctcgac gcaggact 18 

<210>4 
<211>9613 
3S <212> DNA 

<213> Artificial sequence 

<220> 

<223> plasmid 
40 <220> 

<221> misc_feature 
<222>(1)..{9613) 

<223> plasmid containing tiie lenflvlral vector construct RRL-MAI-lucif/ GFP 
45 <400>4 



55 
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40 



caggtggcac 


ttttcgggga 


aatgtgcgcg 


gaacccctat 


ttgtttattt 


ttctaaatac 


60 


attcaaatat 


gtatccgctc 


atgagacaat 


aaccctgata 


aatgcttcaa 


taatattgaa 


120 


aaaggaagag 


tatgagtatt 


caacatttcc 


gtgtcgccct 


tattcccttt 


tttgcggcat 


180 


tttgccttcc 


tgtttttgct 


cacccagaaa 


cgctggtgaa 


agtaaaagat 


gctgaagatc 


240 


agttgggtgc 


acgagtgggt 


tacatcgaac 


tggatctcaa 


cagcggtaag 


atccttgaga 


300 


gttttcgccc 


cgaagaacgt 


tttccaatga 


tgagcacttt 


taaagttctg 


ctatgtggcg 


360 


cggtattatc 


ccgtattgac 


gccgggcaag 


agcaactcgg 


tcgccgcata 


cactattctc 


420 


agaatgactt 


ggttgagtac 


tcaccagtca 


cagaaaagca 


tcttacggat 


ggcatgacag 


480 


taagagaatt 


atgcagtgct 


gccataacca 


tgagtgataa 


cactgcggcc 


aacttacttc 


540 


tgacaacgat 


cggaggaccg 


aaggagctaa 


ccgctttttt 


gcacaacatg 


ggggatcatg 


600 


taactcgcct 


tgatcgttgg 


gaaccggagc 


tgaatgaagc 


cataccaaac 


gacgagcgtg 


660 


acaccacgat 


gcctgtagca 


atggcaacaa 


cgttgcgcaa 


actattaact 


ggcgaactac 


720 


ttactctagc 


ttcccggcaa 


caattaatag 


actggatgga 


ggcggataaa 


gttgcaggac 


780 


cacttctgcg 


ctcggccctt 


ccggctggct 


ggtttattgc 


tgataaatct 


ggagccggtg 


840 


agcgtgggtc 


tcgcggtatc 


attgcagcac 


tggggccaga 


tggtaagccc 


tcccgtatcg 


900 


tagttatcta 


cacgacgggg 


agtcaggcaa 


ctatggatga 


acgaaataga 


cagatcgctg 


960 


agataggtgc 


ctcactgatt 


aagcattggt 


aactgtcaga 


ccaagtttac 


tcatatatac 


1020 


tttagattga 


tttaaaactt 


catttttaat 


ttaaaaggat 


ctaggtgaag 


atcctttttg 


1080 


ataatctcat 


gaccaaaatc 


ccttaacgtg 


agttttcgtt 


ccactgagcg 


tcagaccccg 


1140 


tagaaaagat 


caaaggatct 


tcttgagatc 


ctttttttct 


gcgcgtaatc 


tgctgcttgc 


1200 


aaacaaaaaa 


accaccgcta 


ccagcggtgg 


tttgtttgcc 


ggatcaagag 


ctaccaactc 


1260 


tttttccgaa 


ggtaactggc 


ttcagcagag 


cgcagatacc 


aaatactgtc 


cttctagtgt 


1320 


agccgtagtt 


aggccaccac 


ttcaagaact 


ctgtagcacc 


gcctacatac 


ctcgctctgc 


1380 


taatcctgtt 


accagtggct 


gctgccagtg 


gcgataagtc 


gtgtcttacc 


gggttggact 


1440 


caagacgata 


gttaccggat 


aaggcgcagc 


ggtcgggctg 


aacggggggt 


tcgtgcacac 


ISOO 


agcccagctt 


ggagcgaacg 


acctacaccg 


aactgagata 


cctacagcgt 


gagctatgag 


1560 


aaagcgccac 


gcttcccgaa 


gggagaaagg 


cggacaggta 


tccggtaagc 


ggcagggtcg 


1620 



45 
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gaacaggaga 


gcgcacgagg 


gagcttccag 


ggggaaacgc 


ctggtatctt 


tatagtcctg 


1680 


tcgggtttcg 


ccacctctga 


cttgagcgtc 


gatttttgtg 


atgctcgtca 


ssggggcgga 


1740 


gcctatggaa 


aaacgccagc 


aacgcggcct 


ttttacggtt 


cctggccttt 


tgctggcctt 


1800 


ttgctcacat 


gttctttcct 


gcgttatccc 


ctgattctgt 


ggataaccgt 


attaccgcct 


1860 


ttgagtgagc 


tgataccgct 


cgccgcagcc 


gaacgaccga 


gcgcagcgag 


tcagtgagcg 


1920 


aggaagcgga 


agagcgccca 


atacgcaaac 


cgcctctccc 


cgcgcgttgg 


ccgattcatt 


1980 


aatgcagctg 


gcacgacagg 


tttcccgact 


ggaaagcggg 


cagtgagcgc 


aacgcaatta 


2040 


atgtgagtta 


gctcactcat 


taggcacccc 


aggctttaca 


ctttatgctt 


ccggctcgta 


2100 


tgttgtgtgg 


aattgtgagc 


ggataacaat 


ttcacacagg 


aaacagctat 


gaccatgatt 


2160 


acgccaagcg 


cgcaattaac 


cctcactaaa 


gggaacaaaa 


gctggagctg 


caagcttaat 


2220 


gtagtcttat 


gcaatactct 


tgtagtcttg 


caacatggta 


acgatgagtt 


agcaacatgc 


2280 


cttacaagga 


gagaaaaagc 


accgtgcatg 


ccgattggtg 


gaagtaaggt 


ggtacgatcg 


2340 


tgccttatta 


ggaaggcaac 


agacgggtct 


gacatggatt 


ggacgaacca 


ctgaattgcc 


2400 


gcattgcaga 


gatattgtat 


ttaagtgcct 


agctcgatac 


aataaacggg 


tctctctggt 


2460 


tagaccagat 


ctgagcctgg 


gagctctctg 


gctaactagg 


gaacccactg 


cttaagcctc 


2520 


aataaagctt 


gccttgagtg 


cttcaagtag 


tgtgtgcccg 


tctgttgtgt 


gactctggta 


2580 


actagagatc 


cctcagaccc 


ttttagtcag 


tgtggaaaat 


ctctagcagt 


ggcgcccgaa 


2640 


cagggacctg 


aaagcgaaag 


ggaaaccaga 


gctctctcga 


cgcaggactc 


ggcttgctga 


2700 


agcgcgcacg 


gcaagaggcg 


aggggcggcg 


actggtgagt 


acgccaaaaa 


ttttgactag 


2760 


cggaggctag 


aaggagagag 


atgggtgcga 


gagcgtcagt 


attaagcggg 


ggagaattag 


2820 


atcgcgatgg 


gaaaaaattc 


ggttaaggcc 


agggggaaag 


aaaaaatata 


aattaaaaca 


2880 


tatagtatgg 


gcaagcaggg 


agctagaacg 


attcgcagtt 


aatcctggcc 


tgttagaaac 


2940 


atcagaaggc 


tgtagacaaa 


tactgggaca 


gctacaacca 


tcccttcaga 


caggatcaga 


3000 


agaacttaga 


tcattatata 


atacagtagc 


aaccctctat 


tgtgtgcatc 


aaaggataga 


3060 


gataaaagac 


accaaggaag 


ctttagacaa 


gatagaggaa 


gagcaaaaca 


aaagtaagac 


3120 


caccgcacag 


caagcggccg 


ctgatcttca 


gacctggagg 


aggagatatg 


agggacaatt 


3180 


ggagaagtga 


attatataaa 


tataaagtag 


taaaaattga 


accattagga 


gtagcaccca 


3240 


ccaaggcaaa 


gagaagagtg 


gtgcagagag 


aaaaaagagc 


agtgggaata 


ggagctttgt 


3300 


tccttgggtt 


cttgggagca 


gcaggaagca 


ctatgggcgc 


agcctcaatg 


acgctgacgg 


3360 


tacaggccag 


acaattattg 


tctggtatag 


tgcagcagca 


gaacaatttg 


ctgagggcta 


3420 


ttgaggcgca 


acagcatctg 


ttgcaactca 


cagtctgggg 


catcaagcag 


ctccaggcaa 


3480 


gaatcctggc 


tgtggaaaga 


tacctaaagg 


atcaacagct 


cctggggatt 


tggggttgct 


3540 


ctggaaaact 


catttgcacc 


actgctgtgc 


cttggaatgc 


tagttggagt 


aataaatctc 


3600 


tggaacagat 


ttggaatcac 


acgacctgga 


tggagtggga 


cagagaaatt 


aacaattaca 


3660 
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caagcttaat 


acactcctta 


attgaagaat 


cgcaaaacca 


gcaagaaaag 


aatgaacaag 


3720 




aattattgga 


attagataaa 


tgggcaagtt 


tgtggaattg 


gtttaacata 


acaaattggc 


3780 


6 


tgtggtatat 


aaaattattc 


ataatgatag 


taggaggctt 


ggtaggttta 


agaatagttt 


3840 




ttgctgtact 


ttctatagtg 


aatagagtta 


ggcagggata 


ttcaccatta 


tcgtttcaga 


3900 




cccacctccc 


aaccccgagg 


ggacccgaca 


ggcccgaagg 


aatagaagaa 


gaaggtggag 


3960 




agagagacag 


agacagatcc 


attcgattag 


tgaacggatc 


tcgacggtat 


cggttaactt 


4020 




ttaaaagaaa 


aggggggatt 


ggggggtaca 


gtgcagggga 


aagaatagta 


gacataatag 


4080 




caacagacat 


acaaactaaa 


gaattacaaa 


aacaaattac 


aaaaattcaa 


aattttatcg 


4140 


15 


atcacgagac 


tagcctcgag 


agatctgatc 


ataatcagcc 


ataccacatt 


tgtagaggtt 


4200 




ttacttgctt 


taaaaaacct 


cccacacctc 


cccctgaacc 


tgaaacataa 


aatgaatgca 


4260 




attgttgttg 


ttaacttgtt 


tattgcagct 


tataatggtt 


acaaataagg 


caatagcatc 


4320 


20 


acaaatttca 


caaataaggc 


atttttttca 


ctgcattcta 


gttttggttt 


gtccaaactc 


4380 


atcaatgtat 


cttatcatgt 


ctggatctca 


aatccctcgg 


aagctgcgcc 


tgtcttaggt 


4440 




tggagtgata 


catttttatc 


acttttaccc 


gtctttggat 


taggcagtag 


ctctgacggc 


4500 




cctcctgtct 


taggttagtg 


aaaaatgtca 


ctctcttacc 


cgtcattggc 


tgtccagctt 


4560 


25 


agctcgcagg 


ggaggtggtc 


tggatcctct 


agaattacac 


ggcgatcttt 


ccgcccttct 


4620 




tggcctttat 


gaggatctct 


ctgatttttc 


ttgcgtcgag 


ttttccggta 


agacctttcg 


4680 




gtacttcgtc 


cacaaacaca 


actcctccgc 


gcaacttttt 


cgcggttgtt 


acttgactgg 


4740 


30 


ccacgtaatc 


cacgatctct 


ttttccgtca 


tcgtctttcc 


gtgctccacta 


acaacaacgg 


4800 




cggcgggaag 


ttcaccggcg 


tcatcgtcgg 


gaagacctgc 


gacacctgcg 


tcgaagatgt 


4860 




tggggtgttg 


gagcaagatg 


gattccaatt 


cagcgggagc 


cacctgatag 


cctttgtact 


4920 




taatcagaga 


cttcaggcgg 


tcaacgatga 


agaagtgttc 


gtcttcgtcc 


cagtaagcta 


4980 




tgtctccaga 


atgtagccat 


ccatccttgt 


caatcaaggc 


gttggtcgct 


tccggattgt 


5040 




ttacataacc 


ggacataatc 


ataggacctc 


tcacacacag 


ttcgcctctt 


tgattaacgc 


5100 


40 


ccagcgtttt 


cccggtatcc 


agatccacaa 


ccttcgcltc 


aaaaaatgga 


acaactttac 


5160 




cgaccgcgcc 


cggtttatca 


tccccctcgg 


gtgtaatcag 


aatagctgat 


gtagtctcag 


5220 




tgagcccata 


tccttgcctg 


atacctggca 


gatggaacct 


cttggcaacc 


gcttccccga 


5280 




cttccttaga 


gaggggagcg 


ccaccagaag 


caatttcgtg 


taaattagat 


aaatcgtatt 


5340 


45 


tgtcaatcag 


agtgcttttg 


gcgaagaagg 


agaatagggt 


tggcaccagc 


agcgcacttt 


5400 




gaatcttgta 


atcctgaagg 


ctcctcagaa 


acagctcttc 


ttcaaatcta 


tacattaaga 


5460 




cgactcgaaa 


tccacatatc 


aaatatccga 


gtgtagtaaa 


cattccaaaa 


ccgtgatgga 


5520 


50 


acggaacaac 


acttaaaatc 


gcagtatccg 


gaatgatttg 


attgccaaaa 


ataggatctc 


5580 




tggcatgcga 


gaatctcacg 


caggcagttc 


tatgaggcag 


agcgacacct 


ttaggcagac 


5640 




cagtagatcc 


agaggagttc 


atgatcagtg 


caattgtctt 


gtccctatcg 


aaggactctg 


5700. 
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gcacaaaatc 


gtattcatta 


aaaccgggag 


gtagatgaga 


tgtgacgaac 


gtgtacatcg 


5760 




actgaaatcc 


ctggtaatcc 


gttttagaat 


ccatgataat 


aattttttgg 


atgattggga 


5820 




gctttttttg 


cacgttcaaa 


attttttgca 


accccttttt 


ggaaacgaac 


accacggtag 


5880 




gctgcgaaat 


gcccatactg 


ttgagcaatt 


cacgttcatt 


ataaatgtcg 


ttcgcgggcg 


5940 




caactgcaac 


tccgataaat 


aacgcgccca 


acaccggcat 


aaagaattga 


agagagtttt 


6000 


10 


cactgcatac 


gacgattctg 


tgatttgtat 


tcagcccata 


tcgtttcata 


gcttctgcca 


6060 




accgaacgga 


catttcgaag 


tactcagcgt 


aagtgatgtc 


cacctcgata 


tgtgcatctg 


6120 




taaaagcaat 


tgttccagga 


accagggcgt 


atctcttcat 


agccttatgc 


agttgctctc 


6180 


16 


cagcggttcc 


atcttccagc 


ggatagaatg 


gcgccgggcc 


tttctttatg 


tttttggcgt 


6240 


cttccatggt 


gaattccgcg 


gaggctggat 


cggtcccggt 


gtcttctatg 


gaggtcaaaa 


6300 




cagcgtggat 


ggcgtctcca 


ggcgatctga 


cggttcacta 


aacgagctct 


gcttatatag 


6360 




gcctcccacc 


gtacacgcct 


accctcgaga 


agcttgatat 


cgaattccca 


cgggg^tggg 


6420 


20 


gttgcgcctt 


ttccaaggca 


gccctgggtt 


tgcgcaggga 


cgcggctgct 


ctgggcgtgg 


6480 




ttccgggaaa 


cgcagcggcg 


ccgaccctgg 


gtctcgcaca 


ttcttcacgt 


ccgttcgcag 


6540 




cgtcacccgg 


atcttcgccg 


ctacccttgt 


gggccccccg 


gcgacgcttc 


ctgctccgcc 


6600 


25 


cctaagtcgg 


gaaggttcct 


tgcggttcgc 


ggcgtgccgg 


acgtgacaaa 


cggaagccgc 


6660 




acgtctcact 


agtaccctcg 


cagacggaca 


gcgccaggga 


gcaatggcag 


cgcgccgacc 


6720 




gcgatgggct 


gtggccaata 


gcggctgctc 


agcggggcgc 


gccgagagca 


gcggccggga 


6780 


30 


aggggcggtg 


cgggaggcgg 


ggtgtggggc 


ggtagtgtgg 


gccctgttcc 


tgcccgcgcg 


6840 




gtgttccgca 


ttctgcaagc 


ctccggagcg 


cacgtcggca 


gtcggctccc 


tcgttgaccg 


6900 




aatcaccgac 


ctctctcccc 


agggggatcc 


accggtcgcc 


accatggtga 


gcaagggcga 


6960 


3S 


ggagctgttc 


accggggtgg 


tgcccatcct 


ggtcgagctg 


gacggcgacg 


taaacggcca 


7020 




caagttcagc 


gtgtccggcg 


agggcgaggg 


cgatgccacc 


tacggcaagc 


tgaccctgaa 


7080 




gttcacctgc 


accaccggca 


agctgcccgt 


gccctggccc 


accctcgtga 


ccaccctgac 


7140 




ctacggcgtg 


cagtgcttca 


gccgctaccc 


cgaccacatg 


aagcagcacg 


acttcttcaa 


7200 


40 


gtccgccatg 


cccgaaggct 


acgtccagga 


gcgcaccatc 


ttcttcaagg 


acgacggcaa 


7260 




ctacaagacc 


cgcgccgagg 


tgaagttcga 


gggcgacacc 


ctggtgaacc 


gcatcgagct 


7320 




gaagggcatc 


gacttcaagg 


aggacggcaa 




cacaagctgg 


agtacaacta 


7380 


45 


caacagccac 


aacgtctata 


tcatggccga 


caagcagaag 


aacggcatca 


aggtgaactt 


7440 




caagatccgc 


cacaacaticg 






gccgaccact 


accagcagaa 


7500 




cacccccatc 


ggcgacggcc 


ccgtgctgct 


gcccgacaac 


cactacctga 


gcacccagtc 


7560 


SO 


cgccctgagc 


aaagacccca 


acgagaagcg 


cgatcacatg 


gtcctgctgg 


agttcgtgac 


7620 




cgccgccggg 


atcactctcg 


gcatggacga 


gctgtacaag 


taaagcggcc 


gcgtcgacaa 


7680 




tcaacctctg 


gattacaaaa 


tttgtgaaag 


attgactggt 


attcttaact 


atgttgctcc 


7740 
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ttttacgcta 


tgtggatacg 


ctgctttaat 




ggctttcatt 


ttctcctcct 


tgtataaatc 


5 


gcccgttgtc 


aggcaacgtg 


gcgtggtgtg 




ttggggcatt 


gccaccacct 


gtcagctcct 




'Cgccacggcg 


gaactcatcg 


ccgcctgcct 




gggcactgac 


aat liccgtigg 


•■y*-*-ii^^yysi 




ctg'Cg'Ctgcc 




tg cgcgggac 






cttccttccc 




15 


ccttcgccc^ 


cagacgagtc 


ggatctccct 






"taagaccaat 


gacttiacaag 






gactggaagg 


gctaaxtcac 


20 


'ta'tact'ciaat: 
^-y *-y y y 


ctctctggtt 


agac caga'tc 


aacccactgc 








ctgttgtgtg 


adctggtaa 


ccagagat cc 




tct^agcagta 


gtaglitcatg 


tcatcttatt 


25 


atatcagaga 




cttgtttatt 




agcstcacaa 


atttcacaaa 


taaagcatt't 




aaacxcatca 


atgtatctta 


^catgtctgg 


30 


gttccgccca 


ttctccgccc 


catggctgac 






ctctgagcta 


ttccagaagt 




tttgcgtcga 




attcgcccta 


35 


cgtcgtttta 


calcgtcgtl 






agcacatccc 


cct'ttcgcca 






ccaacagttg 




atggcgMt] 


40 


^y^yy*-yyy ^ 


g^ggtgg^ca 


cgcgcagcgt 




cgctcct't'tc 


gctttcttcc 


cttcctttct 












aaaacttgat 


tagggtgatg 


gttcacgtag 


45 


ccctttgacg 


ttggagtcca 


cgttctttaa 




actcaaccct 


atctcggtct 


attcttttga 




ttggttaaaa 


aatgagctga 


tttaacaaaa 


50 


gtttacaatt 


tec 




SS 


<210>5 

<211>9380 
<212> DNA 







<213> Artificial Sequence 
<220> 



gcctttgtat catgctattg cttcccgtat 7800 

ctggttgctg tctctttatg aggagttgtg 7860 

cactgtgttt gctgacgcaa cccccactgg 7920 

ttccgggact ttcgctttcc ccctccctat 7980 

tgcccgctgc tggacagggg ctcggctgtt 8040 

gaagctgacg tcctttccat ggctgctcgc 8100 

gtccttctgc tacgtccctt cggccctcaa 8160 

gccggctctg cggcctcttc cgcgtcttcg 8220 

ttgggccgcc tccccgcctg gaattcgagc 8280 

gcagctgtag atcttagcca ctttttaaaa 8340 

tcccaacgaa gacaagatct gctttttgct 8400 

tgagcctggg agctctctgg ctaactaggg 8460 

ccttgagtgc ttcaagtagt gtgtgcccgt 8520 

ctcagaccct tttagtcagt gtggaaaatc 8S80 

attcagtatt tataacttgc aaagaaatga 8640 

gcagcttata atggttacaa ataaagcaat 8700 

ttttcactgc attctagttg tggtttgtcc 8760 

ctctagctat cccgccccta actccgccca 8820 

taattttttt tatttatgca gaggccgagg 8880 

agtgaggagg cttttttgga ggcctaggct 8940 

tagtgagtcg tattacgcgc gctcactggc 9000 

ccctggcgtt acccaactta atcgccttgc 9060 

tagcgaagag gcccgcaccg atcgcccttc 9120 

gcgcgacgcg ccctgtagcg gcgcattaag 9180 

gaccgctaca cttgccagcg ccctagcgcc 9240 

cgccacgttc gccggctttc cccgtcaagc 9300 

atttagtgct ttacggcacc tcgaccccaa 9360 

tgggccatcg ccctgataga cggtttttcg 9420 

tagtggactc ttgttccaaa ctggaacaac 9480 

tttataaggg attttgccga tttcggccta 9540 

atttaacgcg aattttaaca aaatattaac 9600 
9613 
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<223> plasmid 
<220> 

<221 > miscjeature 
<222>{1)..(9380) 
5 <223> 

<:220> 

<221> niisc_feature 
<222>(1)..(9380) 

10 <223> plasmid containing the lentiviral vector construct CCL-MA1-GFP/de ItaLNGFR 

<400> 5 



CclQ9't99C3.C 


tt^'Ccgggga 


aaligtgcgcg 




"ttigtttattt 


ttctaaa^ac 






gt^atccgctc 










120 




tatgagtatt 


caacatttcc 


gtgtcgccct 


tattcccttt 


tttgcggcit 


180 


tttgccttcc 


tgtttttgct 


ca cccagaaa 


cgctgg'tgaa 


agtaaaagat 


gctgaagatc 


240 




acgagtgggt 


tacatcgaac 


tggatcccaa 


cagcggtaag 


atccttgaga 




gtmcgccc 


cgaagaacgt 


tttccaatga 


tgagcacttt 


taaagttctg 


ctatgtggcg 


360 


cggtattatc 


ccgtattgac 


gccgggcaag 


agcaactcgg 


tcgccgcata 


cactattctc 


420 


agaatgactt 


ggttgagtac 


tcaccagtca 


cagaaaagca 


tcttacggat 


ggcatgacag 


480 


taagagaatt 


atgcagtgct 


gccataacca 


tgagtgataa 


cactgcggcc 


aacttacttc 


540 


tgacaacgat 


cggaggaccg 


aaggagctaa 


ccgctttttt 


gcacaacatg 


ggggatcatg 


600 


taactcgcct 


tgatcgttgg 


gaaccggagc 


tgaatgaagc 


cataccaaac 


gacgagcgtg 


660 


acaccacgat 


gcctgtagca 


atggcaacaa 


cgttgcgcaa 


actattaact 


ggcgaactac 


720 


ttactctagc 


ttcccggcaa 


caattaatag 


actggatgga 


ggcggataaa 


gttgcaggac 


780 


cacttctgcg 


ctcggccctt 


ccggctggct 


ggtttattgc 


tgataaatct 


ggagccggtg 


840 


agcgtgggtc 


tcgcggtatc 


attgcagcac 


tggggccaga 


tggtaagccc 


tcccgtatcg 


900 


tagttatcta 


cacgacgggg 


agtcaggcaa 


ctatggatga 


acgaaataga 


cagatcgctg 


960 


agataggtgc 


ctcactgatt 


aagcattggt 


aactgtcaga 


ccaagtttac 


tcatatatac 


1020 



so 
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25 



tttagattga 


tttaaaactt 


catttttaat 


ttaaaaggat 


ctaggtgaag 


atcctttttg 


1080 


ataatctcat 


gaccaaaatc 


ccttaacgtg 


agttttcgtt 


ccactgagcg 


tcagaccccg 


1140 


tagaaaagat 


caaaggatct 


tcttgagatc 


ctttttttct 


gcgcgtaatc 


tgctgcttgc 


1200 


aaacaaaaaa 


accaccgcta 


ccagcggtgg 


tttgtttgcc 


ggatcaagag 


ctaccaactc 


1260 


tttttccgaa 


ggtaactggc 


ttcagcagag 


cgcagatacc 


aaatactgtc 


cttctagtgt 


1320 


agccgtagtt 


aggccaccac 


ttcaagaact 


ctgtagcacc 


gcctacatac 


ctcgctctgc 


1380 


taatcctgtt 


accagtggct 


gctgccagtg 


gcgataagtc 


gtgtcttacc 


gggttggact 


1440 


caagacgata 


gttaccggat 


aaggcgcagc 


ggtcgggctg 


aacggggggt 


tcgtgcacac 


1500 


agcccagctt 


ggagcgaacg 


acctacaccg 


aactgagata 


cctacagcgt 


gagctatgag 


1560 


aaagcgccac 


gcttcccgaa 


gggagaaagg 


cggacaggta 


tccggtaagc 


ggcagggtcg 


1620 


gaacaggaga 


gcgcacgagg 


gagcttccag 


ggggaaacgc 


ctggtatctt 


tatagtcctg 


1680 


tcgggtttcg 


ccacctctga 


cttgagcgtc 


gatttttgtg 


atgctcgtca 


ggggggcgga 


1740 


gcctatggaa 


aaacgccagc 


aacgcggcct 


ttttacggtt 


cctggccttt 


tgctggcctt 


1800 


ttgctcacat 


gttctttcct 


gcgttatccc 


ctgattctgt 


ggataaccgt 


attaccgcct 


1860 


ttgagtgagc 


tgataccgct 


cgccgcagcc 


gaacgaccga 


gcgcagcgag 


tcagtgagcg 


1920 


aggaagcgga 


agagcgccca 


atacgcaaac 


cgcctctccc 


cgcgcgttgg 


ccgattcatt 


1980 


aatgcagctg 


gcacgacagg 


tttcccgact 


ggaaagcggg 


cagtgagcgc 


aacgcaatta 


Z040 


atgtgagtta 


gctcactcat 


taggcacccc 


aggctttaca 


ctttatgctt 


ccggctcgta 


2100 


tgttgtgtgg 


aattgtgagc 


ggataacaat 


ttcacacagg 


aaacagctat 


gaccatgatt 


2160 


acgccaagcg 


cgcaattaac 


cctcactaaa 


gggaacaaaa 


gctggagctg 


caagcttggc 


2220 


cattgcatac 


gttgtatcca 


tatcataata 


tgtacattta 


tattggctca 


tgtccaacat 


2280 


taccgccatg 


ttgacattga 


ttattgacta 


gttattaata 


gtaatcaatt 


acggggtcat 


2340 


tagttcatag 


cccatatatg 


gagttccgcg 


ttacataact 


tacggtaaat 


ggcccgcctg 


2400 


gctgaccgcc 


caacgacccc 


cgcccattga 


cgtcaataat 


gacgtatgtt 


cccatagtaa 


2460 


cgccaatagg 


gactttccat 


tgacgtcaat 


gggtggagta 


tttacggtaa 


actgcccact 


2520 


tggcagtaca 


tcaagtgtat 


catatgccaa 


gtacgccccc 


tattgacgtc 


aatgacggta 


2580 


aatggcccgc 


ctggcattat 


gcccagtaca 


tgaccttatg 


ggactttcct 


acttggcagt 


2640 


acatctacgt 


attagtcatc 


gctattacca 


tggtgatgcg 


gttttggcag 


tacatcaatg 


2700 


ggcgtggata 


gcggtttgac 


tcacggggat 


ttccaagtct 


ccaccccatt 


gacgtcaatg 


2760 


ggagtttgtt 


ttggcaccaa 


aatcaacggg 


actttccaaa 


atgtcgtaac 


aactccgccc 


2820 


cattgacgca 


aatgggcggt 


aggcgtgtac 


ggtgggaggt 


ctatataagc 


agagctcgtt 


2880 


tagtgaaccg 


gggtctctct 


ggttagacca 


gatctgagcc 


tgggagctct 


ctggctaact 


2940 


agggaaccca 


ctgcttaagc 


ctcaataaag 


cttgccttga 


gtgcttcaag 


tagtgtgtgc 


3000 


ccgtctgttg 


tgtgactctg 


gtaactagag 


atccctcaga 


cccttttagt 


cagtgtggaa 


3060 
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aatctctagc 


agtggcgccc 


gaacagggac 


ctgaaagcga 


aagggaaacc 


agagctctct 


3120 




cgacgcagga 


ctcggcttgc 


tgaagcgcgc 


acggcaagag 


gcgaggggcg 


gcgactggtg 


3180 




agtacgccaa 


aaattttgac 


tagcggaggc 


tagaaggaga 


gagatgggtg 


cgagagcgtc 


3240 




agtattaagc 


gggggagaat 


tagatcgcga 


tgggaaaaaa 


ttcggttaag 


gccaggggga 


3300 




aagaaaaaat 


ataaattaaa 


acatatagta 


tgggcaagca 


gggagctaga 


acgattcgca 


3360 


to 


gttaatcctg 


gcctgttaga 


aacatcagaa 


ggctgtagac 


aaatactggg 


acagctacaa 


3420 


ccatcccttc 


agacaggatc 


agaagaactt 


agatcattat 


ataatacagt 


agcaaccctc 


3480 




tattgtgtgc 


atcaaaggat 


agagataaaa 


gacaccaagg 


aagctttaga 


caagatagag 


3540 


IS 


gaagagcaaa 


acaaaagtaa 


gaccaccgca 


cagcaagcgg 


ccgctgatct 


tcagacctgg 


3600 


aggaggagat 


atgagggaca 


attggagaag 


tgaattatat 


aaatataaag 


tagtaaaaat 


3660 




tgaaccatta 


ggagtagcac 


ccaccaaggc 


aaagagaaga 


gtggtgcaga 


gagaaaaaag 


3720 




agcagtggga 


ataggagctt 


tgttccttgg 


gttcttggga 


gcagcaggaa 


gcactatggg 


3780 


20 


cgcagcctca 


atgacgctga 


cggtacaggc 


cagacaatta 


ttgtctggta 


tagtgcagca 


3840 




gcagaacaat 


ttgctgaggg 


ctattgaggc 


gcaacagcat 


ctgttgcaac 


tcacagtctg 


3900 




gggcatcaag 


cagctccagg 


caagaatcct 


ggctgtggaa 


agatacctaa 


aggatcaaca 


3960 


25 


gctcctgggg 


atttggggtt 


gctctggaaa 


actcatttgc 


accactgctg 


tgccttggaa 


4020 




tgctagttgg 


agtaataaat 


ctctggaaca 


gattggaatc 


acacgacctg 


gatggagtgg 


4080 




gacagagaaa 


ttaacaatta 


cacaagctta 


atacactcct 


taattgaaga 


atcgcaaaac 


4140 




cagcaagaaa 


agaatgaaca 


agaattattg 


gaattagata 


aatgggcaag 


tttgtggaat 


4200 




tggtttaaca 


taacaaattg 


gctgtggtat 


ataaaattat 


tcataatgat 


agtaggaggc 


4260 




ttggtaggtt 


taagaatagt 


ttttgctgta 


CtttCtatag 


tgaatagagt 


taggcaggga 


4320 


35 


tattcaccat 


tatcgtttca 


gacccacctc 


ccaaccccga 


ggggacccga 


caggcccgaa 


4380 


ggaatagaag 


aagaaggtgg 


agagagagac 


agagacagat 


ccattcgatt 


agtgaacgga 


4440 




tctcgacggt 


atcggttaac 


ttttaaaaga 


aaagggggga 


ttggggggta 


cagtgcaggg 


4500 




gaaagaatag 


tagacataat 


agcaacagac 


atacaaacta 


aagaattaca 


aaaacaaatt 


4560 


40 


acaaaaattc 


aaaattttat 


cgatcacgag 


actagcctcg 


agagatctga 


tcataatcag 


4620 




ccataccaca 


tttgtagagg 


ttttacttgc 


tttaaaaaac 


ctcccacacc 


tccccctgaa 


4680 




cctgaaacat 


aaaatgaatg 


caattgttgt 


tgttaacttg 


tttattgcag 


cttataatgg 


4740 


45 


ttacaaataa 


ggcaatagca 


tcacaaattt 


cacaaataag 


gcattttttt 


cactgcaitc 


4800 




tagttttggt 


ttgtccaaac 


tcatcaatgt 


atcttatcat 


gtctggatct 


caaatccctc 


4860 




ggaagctgcg 


cctgtcttag 


gttggagtga 


tacattttta 


tcacttttac 


ccgtctttgg 


4920 


50 


attaggcagt 


agctctgacg 


gccctcctgt 


Cttaggttag 


tgaaaaatgt 


cactctctta 


4980 




cccgtcattg 


gctgtccagc 


ttagctcgca 


ggggaggtgg 


tctggatccg 


agctcgaatt 


5040 




ggccgcttta 


cttgtacagc 


tcgtccatgc 


cgagagtgat 


cccggcggcg 


gtcacgaact 


5100 
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ccagcaggac 


catgtgatcg 


cgcttctcgt 


tggggtcttt 


gctcagggcg 


gactgggtgc 


5160 


tcaggtagtg 


gttgtcgggc 


agcagcacgg 


ggccgtcgcc 


gatgggggtg 


ttctgctggt 


5220 


agtggtcggc 


gagctgcacg 


ctgccgtcct 


cgatgttgtg 


gcggatcttg 


aagttcacct 


52B0 


tgatgccgtt 


cttctgcttg 


tcggccatga 


tatagacgtt 


gtggctgttg 


tagttgtact 


5340 


ccagcttgtg 


ccccaggatg 


ttgccgtcct 


ccttgaagtc 


gatgcccttc 


agctcgatgc 


5400 


ggttcaccag 


ggtgtcgccc 


tcgaacttca 


cctcggcgcg 


ggtcttgtag 


ttgccgtcgt 


S460 


ccttgaagaa 


gatggtgcgc 


tcctggacgt 


agccttcggg 


catggcggac 


ttgaagaagt 


5520 


cgtgctgctt 


catgtggtcg 


gggtagcggc 


tgaagcactg 


cacgccgtag 


gtcagggtgg 


5580 


tcacgagggt 


gggccagggc 


acgggcagct 


tgccggtggt 


gcagatgaac 


ttcagggtca 


5640 


gcttgccgta 


ggtggcatcg 


ccctcgccct 


cgccggacac 


gctgaacttg 


tggccgttta 


5700 


cgtcgccgtc 


cagctcgacc 


aggatgggca 


ccaccccggt 


gaacagctcc 


tcgcccttgc 


5760 


tcaccatggt 


gaattccgcg 


gaggctggat 


cggtcccggt 


gtcttctatg 


gaggtcaaaa 


S820 


cagcgtggat 


ggcgtctcca 


ggcgatctga 


cggttcacta 


aacgagctct 


gcttatatag 


5880 


gcctcccacc 


gtacacgcct 


accctcgaga 


agcttgatat 


cgaattccca 


cggggttggg 


5940 


gttgcgcctt 


ttccaaggca 


gccctgggtt 


tgcgcaggga 


cgcggctgct 


ctgggcgtgg 


6000 


ttccgggaaa 


cgcagcggcg 


ccgaccctgg 


gtctcgcaca 


ttcttcacgt 


ccgttcgcag 


6060 


cgtcacccgg 


atcttcgccg 


ctacccttgt 


gggccccccg 


gcgacgcttc 


ctgctccgcc 


6120 


cctaagtcgg 


gaaggttcct 


tgcggttcgc 


ggcgtgccgg 


acgtgacaaa 


cggaagccgc 


6180 


acgtctcact 


agtaccctcg 


cagacggaca 


gcgccaggga 


gcaatggcag 


cgcgccgacc 


6240 


gcgatgggct 


gtggccaata 


gcggctgctc 


agcggggcgc 


gccgagagca 


gcggccggga 


6300 


aggggcggtg 


cgggaggcgg 


ggtgtggggc 


ggtagtgtgg 


gccctgttcc 


tgcccgcgcg 


6360 


gtgttccgca 


ttctgcaagc 


ctccggagcg 


cacgtcggca 


gtcggctccc 


tcgttgaccg 


6420 


aatcaccgac 


ctctctcccc 


agggggatcc 


cccgggctgc 


aggaattcgg 


gccgcggcca 


6480 


gctccggcgg 


gcaggggggg 


cgctggagcg 


cagcgcagcg 


cagccccatc 


agtccgcaaa 


6540 


gcggaccgag 


ctggaagtcg 


agcgctgccg 


cgggaggcgg 


gcgatggggg 


caggtgccac 


6600 


cggccgcgcc 


atggacgggc 


cgcgcctgct 


gctgttgctg 


cttctggggg 


tgtcccttgg 


6660 


aggtgccaag 


gaggcatgcc 


ccacaggcct 


gtacacacac 


agcggtgagt 


gctgcaaagc 


6720 


ctgcaaccrg 


ggcgagggtg 


tggcccagcc 


ttgtggagcc 


aaccagaccg 


tgtgtgagcc 


6780 


ctgcctggac 


agcgtgacgt 


tctccgacgt 


ggtgagcgcg 


accgagccgt 


gcaagccgtg 


6840 


caccgagtgc 


gtggggctcc 


agagcatgtc 


ggcgccgtgc 


gtggaggccg 


acgacgccgt 


6900 


gtgccgctgc 


gcctacggct 


actaccagga 


tgagacgact 


gggcgctgcg 


aggcgtgccg 


6960 


cgtgtgcgag 


gcgggctcgg 


gcctcgtgtt 


ctcctgccag 


gacaagcaga 


acaccgtgtg 


7020 


cgaggagtgc 


cccgacggca 


cgtattccga 


cgaggccaac 


cacgtggacc 


cgtgcctgcc 


7080 


ctgcaccgtg 


tgcgaggaca 


ccgagcgcca 


gctccgcgag 


tgcacacgct 


gggccgacgc 


7140 
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cgagtgcgag 


gagatccctg 


gccgttggat 


tacacggtcc 


acacccccag 


agggctcgga 


7200 




cagcacagcc 


cccagcaccc 


aggagcctga 


ggcacctcca 


gaacaagacc 


tcatagccag 


7260 


5 


cacggtggca 


ggtgtggtga 


ccacagtgat 


gggcagctcc 


cagcccgtgg 


tgacccgagg 


7J20 




caccaccgac 


aacctcatcc 


ctgtctattg 


ctccatcctg 


gctgctgtgg 


ttgtgggcct 


7380 




tgtggcctac 


atagccttca 


agaggtggaa 


cagggggatc 


ctctagagtc 


gagtctagag 


7440 




tcgacaatca 


acctctggat 


tacaaaattt 


gtgaaagatt 


gactggtatt 


cttaactatg 


7500 




ttgctccttt 


tacgctatgt 


ggatacgctg 


ctttaatgcc 


tttgtatcat 


gctattgctt 


7550 




cccgtatggc 


tttcattttc 


tcctccttgt 


ataaatcctg 


gttgctgtct 


ctttatgagg 


7620 




agttgtggcc 


cgttgtcagg 


caacgtggcg 


tggtgtgcac 


tgtgtttgct 


gacgcaaccc 


76S0 


15 


ccactggttg 


gggcattgcc 


accacctgtc 


agctcctttc 


cgggactttc 


gctttccccc 


7740 




tccctattgc 


cacggcggaa 


ctcatcgccg 


cctgccttgc 


ccgctgctgg 


acaggggctc 


7S00 




ggctgttggg 


cactgacaat 


tccgtggtgt 


tgtcggggaa 


gctgacgtcc 


tttccatggc 


7860 


20 


tgctcgcctg 


tgttgccacc 


tggattctgc 


gcgggacgtc 


cttctgctac 


gtcccttcgg 


7920 




ccctcaatcc 


agcggacctt 


ccttcccgcg 


gcctgctgcc 


ggctctgcgg 


cctcttccgc 


7980 




gtcttcgcct 


tcgccctcag 


acgagtcgga 


tctccctttg 


ggccgcctcc 


ccgcctggaa 


8040 


25 


ttcgagctcg 


gtacctttaa 


gaccaatgac 


ttacaaggca 


gctgtagatc 


ttagccactt 


8100 




tttaaaagaa 


aaggggggac 


tggaagggct 


aattcactcc 


caacgaagac 


aagatctgct 


8160 




ttttgcttgt 


actgggtctc 


tctggttaga 


ccagatctga 


gcctgggagc 


tctctggcta 


8220 




actagggaac 


ccactgctta 


agcctcaata 


aagcttgcct 


tgagtgcttc 


aagtagtgtg 


8280 




tgcccgtctg 


ttgtgtgact 


ctggtaacta 


gagatccctc 


agaccctttt 


agtcagtgtg 


8340 




gaaaatctct 


agcagtagta 


gttcatgtca 


tcttattatt 


cagtatttat 


aacttgcaaa 


8400 




gaaatgaata 


tcagagagtg 


agaggaactt 


gtttattgca 


gcttataatg 


gttacaaata 


8460 


35 


aagcaatagc 


atcacaaatt 


tcacaaataa 


agcatttttt 


tcactgcatt 


ctagttgtgg 


8S20 




tttgtccaaa 


ctcatcaatg 


tatcttatca 


tgtctggctc 


tagctatccc 


gcccctaact 


8580 




ccgcccagtt 


ccgcccattc 


tccgccccat 


ggctgactaa 


ttttttttat 


ttatgcagag 


8640 


40 


gccgaggccg 


cctcggcctc 


tgagctattc 


cagaagtagt 


gaggaggctt 


ttttggaggc 


8700 




ctaggctttt 


gcgtcgagac 


gtacccaatt 


cgccctatag 


tgagtcgtat 


tacgcgcgct 


8760 




cactggccgt 


cgttttacaa 


cgtcgtgact 


gggaaaaccc 


tggcgttacc 


caacttaatc 


8820 


45 


gccttgcagc 


acatccccct 


ttcgccagct 


ggcgtaatag 


cgaagaggcc 


cgcaccgatc 


8880 




gcccttccca 


acagttgcgc 


agcctgaatg 


gcgaatggcg 


cgacgcgccc 


tgtagcggcg 


8940 




cattaagcgc 


ggcgggtgtg 


gtggttacgc 


gcagcgtgac 


cgctacactt 


gccagcgccc 


9000 


50 


tagcgcccgc 


tcctttcgct 


ttcttccctt 


cctttctcgc 


cacgttcgcc 


ggctttcccc 


9060 




gtcaagctct 


aaatcggggg 


ctccctttag 


ggttccgatt 


tagtgcttta 


cggcacctcg 


9120 




accccaaaaa 


acttgattag 


ggtgatggtt 


cacgtagtgg 


gccatcgccc 


tgatagacgg 


91S0 
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tttttcgccc tttgacgttg gagtccacgt tctttaatag tggactcttg ttccaaactg 9240 

gaacaacact caaccctatc tcggtctatt cttttgattt ataagggatt ttgccgattt 9300 

cggcctattg gttaaaaaat gagctgattt aacaaaaatt taacgcgaat tttaacaaaa 9360 

tattaacgtt tacaatttcc 9380 



<210>6 
10 <211>9718 
<212> DNA 

<;213> Artificial Sequence 

<220> 
IS <223> plasmid 

<220> 

<221> misc_feature 

<222>(1)...(9718) 

<223> 

20 

<220> 

221>misc_fealure 
<222> (1)...(9718) 

<223> plasmid containing tlie lentlviral vector construct RRL-MA2-lucif/GFP 

25 

<400> 





caggtggcac 


ttttcgggga 


aatgtgcgcg 


gaacccctat 


ttgtttattt ttctaaatac 


60 


30 


attcaaatat 


gtatccgctc 


atgagacaat 


aaccctgata 


aatgcttcaa taatattgaa 


120 




aaaggaagag 


tatgagtatt 


caacatttcc 


gtgtcgccct 


tattcccttt tttgcggcat 


180 




tttgccttcc 


tgtttttgct 


cacccagaaa 


cgctggtgaa 


agtaaaagat gctgaagatc 


240 


35 


agttgggtgc 


acgagtgggt 


tacatcgaac 


tggatctcaa 


cagcggtaag atccttgaga 


300 




gttttcgccc 


cgaagaacgt 


tttccaatga 


tgagcacttt 


taaagttctg ctatgtggcg 


360 




cggtattatc 


ccgtattgac 


gccgggcaag 


agcaactcgg 


tcgccgcata cactattctc 


420 


40 


agaatgactt 


ggttgagtac 


tcaccagtca 


cagaaaagca 


tcttacggat ggcatgacag 


480 




taagagaatt 


atgcagtgct 


gccataacca 


tgagtgataa 


cactgcggcc aacttacttc 


540 




tgacaacgat 


cggaggaccg 


aaggagctaa 


ccgctttttt 


gcacaacatg ggggatcatg 


600 




taactcgcct 


tgatcgttgg 


gaaccggagc 


tgaatgaagc 


cataccaaac gacgagcgtg 


660 


45 


acaccacgat 


gcctgtagca 


atggcaacaa 


cgttgcgcaa 


actattaact ggcgaactac 


720 



50 
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ttactctagc 


ttcccggcaa 


caattaatag 


actggatgga 


ggcggataaa 


gttgcaggac 


7S0 




cacttctgcg 


ctcggccctT 


ccggctggct 


ggtttattgc 


tgataaatct 


ggagccggtg 


840 




agcgtgggtc 


tcgcggtatc 


attgcagcac 


tggggccaga 


tggtaagccc 


tcccgtatcg 


900 




tagttatcta 


cacgacgggg 


agtcaggcaa 


ctatggatga 


acgaaataga 


cagatcgctg 


960 




aQataQgtgc 


ctcactgatt 


aagcattggt 


aactgtcaga 


ccaagtttac 


tcatatatac 


1020 


10 


tttagattga 


tttaaaactt 


catttttaat 


ttaaaaggat 


ctaggtgaag 


atcctttttg 


1080 




ataatctcat 


gaccaaaatc 


ccttaacgtg 


agttttcgtt 


ccactgagcg 


tcagaccccg 


1140 




tagaaaagat 


caaaggatct 


tcttgagatc 


ctttttttct 


gcgcgtaatc 


tgctgcttgc 


1200 


15 


aaacaaaaaa 


accaccgcta 


ccagcggtgg 


tttgtttgcc 


oaatcaaaaa 


ctaccaactc 


1260 


tttttccgaa 


ggtaactggc 


ttcagcagag 


cgcagatacc 


aaatactgtc 


cttctagtgt 


1320 




agccgtagtt 


aggccaccac 


ttcaagaact 


c^gtagcacc 


gc ccacatac 


ctcgctctgc 


1380 




taatcctgtt 


accagtggct 


gctgccagtg 


gcgataagtc 


gtgtcttacc 


yyy Li-yyttv-i. 


1440 


20 


caagacgata 


gttaccggat 








tcgtgcacac 


1500 




agcccagctt 


aaaocaaaca 


acctacaccg 


aactgagata 


cctacagcgc 




1560 




aaagcgccac 


gcttcccgaa 


gggagaaagg 


cggacaggta 


tccggtaagc 


□Qcaoaatica 


1620 


25 


aaacaaaaaa 


acacacaaaa 


gagcttccag 


oaaaaaacac 


ctggtatctt 


tatagtcctg 


1680 




tcgggtttcg 


ccacctctga 


cttgagcgtc 


gatttttgtg 


atgctcgtca 


□aaoaacaaa 


1740 




gcctatggaa 


aaacgccagc 


aacgcggcct 


ttttacggtt 


cctggccttt 


tgctggcctt 


1800 


30 


ttgctcacat 


gttctttcct 


gcgttatccc 


ctgattctgt 


ggataaccgt 


attaccgcct 


1860 




ttgagtgagc 


tgataccgct 


cgccgcagcc 


gaacgaccga 


gcgcagcgag 


tcagtgagcg 


1920 




aggaagcgga 


agagcgccca 


atacgcaaac 


cgcctctccc 




ccgattcatt 


1980 


35 


aatgcagctg 


gcacgacagg 


tttcccgact 




cagtgagcgc 


aacgcaatta 


2040 




atgtgagtta 


gctcactcat 


taggcacccc 


aggctttaca 


ctttatgctt 


ccggctcgta 


2100 




tgttgtgtgg 


aattgtgagc 


ggataacaat 


ttcacacagg 


aaacagctat 


gaccatgatt 


2160 




acgccaagcg 


cgcaattaac 


cctcactaaa 


gggaacaaaa 




caagcttaat 


2220 


40 


gtagtcttat 


gcaatactct 


tgtagtcttg 


caacatggta 


acgatgagtt 


agcaacatgc 


2280 




cttacaagga 


gagaaaaagc 


accgtgcatg 


ccgattggtg 




ggtacgatcg 


2340 




tgccttatta 


ggaaggcaac 


aaacaaotct 


gacatggatt 


ggacgaa c ca 


CTgaa'Ctgcc 




45 


gcattgcaga 


gatattgtat 


ttaagtgcct 


agctcgatac 


aataaacggg 


tctctctggt 


2460 




tagaccagat 


ctgagcctgg 








cHaagccTC 


2520 




aataaagctt 


gccttgagtg 


cttcaagtag 


tgtgtgcccg 


tctgttgtgt 


gactctggta 


2580 


50 


actagagatc 


cctcagaccc 


ttttagtcag 


tgtggaaaat 


ctctagcagt 


ggcgcccgaa 


2640 




cagggacctg 


aaagcgaaag 


ggaaaccaga 


gctctctcga 


cgcaggactc 


ggcttgctga'. 


2700 




agcgcgcacg 


gcaagaggcg 


aggggcggcg 


actggtgagt 


acgccaaaaa 


ttttgactag 


2760 



25 
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cggaggctag 


aaggagagag atgggtgcga 


gagcgtcagt 


attaagcggg 


ggagaattag 


2820 




atcgcgatgg 


gaaaaaattc ggttaaggcc 


^9gg99aaag 


aaaaaatata 


aattaaaaca 


2880 


5 


tatagtatgg 


gcaagcaggg agctagaacg 


attcgcagtt 


aatcctggcc 


tgttagaaac 


2940 




atcagaaggc 


tgtagacaaa tactgggaca 


gctacaacca 


tcccttcaga 


caggatcaga 


3000 




agaacttaga 


tcattatata atacagtagc 


aaccctctat 


tgtgtgcatc 


aaaggataga 


3060 


10 


gataaaagac 


accaaggaag ctttagacaa 


gatagaggaa 


gagcaaaaca 


aaagtaagac 


3120 




caccgcacag 


caagcggccg ctgatcttca 


gacctggagg 


aggagatatg 


agggacaatt 


3180 




ggagaagtga 


attatataaa tataaagtag 


taaaaattga 


accattagga 


gtagcaccca 


3240 


15 


ccaaggcaaa 


gagaagagtg gtgcagagag 


aaaaaagagc 


agtgggaata 


ggagctttgt 


3300 




tccttgggtt 


cttgggagca gcaggaagca 


ctatgggcgc 


agcctcaatg 


acgctgacgg 


3360 




tacaggccag 


acaattattg tctggtatag 


tgcagcagca 


gaacaatttg 


ctgagggcta 


3420 




ttgaggcgca 


acagcatctg ttgcaactca 


cagtctgggg 


catcaagcag 


ctccaggcaa 


3480 


20 


gaatcctggc 


tgtggaaaga tacctaaagg 


atcaacagct 


cctggggatt 


tggggttgct 


3540 




ctggaaaact 


catttgcacc actgctgtgc 


cttggaatgc 


tagttggagt 


aataaatctc 


3600 




tggaacagat 


tggaatcaca cgacctggat 


ggagtgggac 


agagaaatta 


acaattacac 


3660 


25 


aagcttaata 


cactccttaa ttgaagaatc 


gcaaaaccag 


caagaaaaga 


atgaacaaga 


3720 




attattggaa 


ttagataaat gggcaagttt 


gtggaattgg 


tttaacataa 


caaattggct 


3780 




gtggtatata 


aaattattca taatgatagt 


aggaggcttg 


gtaggtttaa 


gaatagtttt 


3840 


30 


tgctgtactt 


tctatagtga atagagttag 


gcagggatat 


tcaccattat 


cgtctcagac 


3900 




ccacctccca 


accccgaggg gacccgacag 


gcccgaagga 


atagaagaag 


aaggtggaga 


3960 




gagagacaga 


gacagatcca ttcgattagt 


gaacggatct 


cgacggtatc 


ggttaacttt 


4020 


3S 


taaaagaaaa 


ggggggattg gggggtacag 


tgcaggggaa 


agaatagtag 


acataatagc 


4080 




aacagacata 


caaactaaag aattacaaaa 


acaaattaca 


aaaattcaaa 


attttatcga 


4140 




tcacgagact 


agcctcgaga gatctgatca 


taatcagcca 


taccacattt 


gtagaggttt 


4200 




tacttgcttt 


aaaaaacctc ccacacctcc 


ccctgaacct 


gaaacataaa 


atgaatgcaa 


4260 


40 


ttgttgttgt 


taacttgttt attgcagctt 


ataatggtta 


caaataaggc 


aatagcatca 


4320 




caaatttcac 


aaataaggca tttttttcac 


tgcattctag 


ttttggtttg 


tccaaactca 


4380 




tcaatgtatc 


ttatcatgtc tggatctcaa 


atccctcgga 


agctgcgcct 


gtcttaggtt 


4440 


45 


ggagtgatac 


atttttatca cttttacccg 


tctttggatt 


aggcagtagc 


Ictgacggcc 






ctcctgtctt 


aggttagtga aaaatgtcac 


tctcttaccc 


gtcatxggc't 


g'tccagctta 






gctcgcaggg 


gaggtggtct ggatccctgg 


atatcaagaa 


ttcgtcctcg 


agctcagatc 


4620 


50 


ctctagaatt 


acacggcgat ctttccgccc 


ttcttggcct 


ttatgaggat 


ctctctgatt 


4680 




tttcttgcgt 


cgagttttcc ggtaagacct 


ttcggtactt 


cgtccacaaa 


cacaactcct 


4740 




ccgcgcaact 


ttttcgcggt tgttacttga 


ctggccacgt 


aatccacgat 


ctctttttcc 


4800 



S5 



26 



EP 1 616 012 B1 





gtcatcgtct 


ttcqjtgctc 


caaaacaaca 


acggcggcgg 


gaagttcacc 


ggcgtcatcg 


4860 




tcgggaagac 


ctgcgacacc 


tgcgtcgaag 


atgttggggt 


gttggagcaa 


gatggattcc 


4920 




aattcagcgg 


gagccacctg 


atagcctttg 


tacttaatca 


gagacttcag 


gcggtcaacg 


4980 




atgaagaagt 


gttcgtcttc 


gtcccagtaa 


gctatgtctc 


cagaatgtag 


ccatccatcc 


5040 




ttgtcaatca 


aggcgttggt 


cgcttccgga 


ttgtttacat 


aaccggacat 


aatcatagga 


5100 


10 


cctctcacac 


acagttcgcc 


tctttgatta 


acgcccagcg 


ttttcccggt 


atccagatcc 


5160 




acaaccttcg 


cttcaaaaaa 


tggaacaact 


ttaccgaccg 


cgcccggttt 


atcatccccc 


5220 




tcgggtgtaa 


tcagaatagc 


tgatgtagtc 


tcagtgagcc 


catatccttg 


cctgatacct 


5280 


15 


ggcagatgga 


acctcttggc 


aaccgcttcc 


ccgacttcct 


tagagagggg 


agcgccacca 


5340 




gaagcaattt 


cgtgtaaatt 


agataaatcg 


tatttgtcaa 


tcagagtgct 


tttggcgaag 


5400 




aaggagaata 


gggttggcac 


cagcagcgca 


ctttgaatct 


tgtaatcctg 


aaggctcctc 


5460 




agaaacagct 


cttcttcaaa 


tctatacatt 


aagacgactc 


gaaatccaca 


tatcaaatat 


5520 


20 


ccgagtgtag 


taaacattcc 


aaaaccgtga 


tggaatggaa 


caacacttaa 


aatcgcagta 


5580 




tccggaatga 


tttgattgcc 


aaaaatagga 


tctctggcat 


gcgagaatct 


cacgcaggca 


5640 




gttctatgag 


gcagagcgac 


acctttaggc 


agaccagtag 


atccagagga 


gttcatgatc 


5700 


25 


agtgcaattg 


tctcgtccct 


atcgaaggac 


tctggcacaa 


aatcgtattc 


attaaaaccg 


5760 




ggaggtagat 


gagatgtgac 


gaacgtgtac 


atcgactgaa 


atccctggta 


atccgtttta 


5820 




gaatccatga 


taataatttt 


ttggatgatt 


gggagctttt 


tttgcacgtt 


caaaattttt 


5880 


30 


tgcaacccct 


ttttggaaac 


gaacaccacg 


gtaggctgcg 


aaatgcccat 


actgttgagc 


5940 




aattcacgtt 


cattataaat 


gtcgttcgcg 


ggcgcaactg 


caactccgat 


aaataacgcg 


eooo 




cccaacaccg 


gcataaagaa 


ttgaagagag 


ttttcactgc 


atacgacgat 


tctgtgattt 


6060 


35 


gtattcagcc 


catatcgttt 


catagcttct 


gccaaccgaa 


cggacatttc 


gaagtactca 


6120 




gcgtaagtga 


tgtccacctc 


gatatgtgca 


tctgtaaaag 


caattgttcc 


aggaaccagg 


6180 




gcgtatctct 


tcatagcctt 


atgcagttgc 


tctccagcgg 


ttccatcttc 


cagcggatag 


6240 




aatggcgccg 


ggcctttctt 


tatgtttttg 


gcgtcttcca 


tggtgaattc 


cgatccccct 


6300 


40 


ggggagagag 


gtcggtgatt 


cggtcaacga 


gggagccgac 


tgccgacgtg 


cgctccggag 


6360 




gcttgcagaa 


tgcggaacac 


cgcgcgggca 


ggaacagggc 


ccacactacc 


gccccacacc 


6420 




ccgcctcccg 


caccgcccct 


tcccggccgc 


tgctctcggc 


gcgccccgct 


gagcagccgc 


6480 


45 


tattggccac 


agcccatcgc 


ggtcggcgcg 


ctgccattgc 


tccctggcgc 


tgtccgtctg 


6540 




cgagggtact 


agtgagacgt 


gcggcttccg 


tttgtcacgt 


ccggcacgcc 


gcgaaccgca 


6600 




aggaaccttc 


ccgacttagg 


ggcggagcag 


gaagcgtcgc 


cggggggccc 


acaagggtag 


6660 


50 


cggcgaagat 


ccgggtgacg 


ctgcgaacgg 


acgtgaagaa 


tgtgcgagac 


ccagggtcgg 


6720 




cgccgctgcg 


tttcccggaa 


ccacgcccag 


agcagccgcg 


tccctgcgca 


aacccagggc 


6780 




tgccttggaa 


aaggcgcaac 


cccaaccccg 


tgggaattcg 


atatcaagct 


tgcctatgtt 


6840 
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cttctggaat 


ctatccaagt 


cttatgtaaa 


tgcttatgta 


aaccataata 


taaaagagtg 


6900 




ctgatttttt 


gagtaaactt 


gcaacagtcc 


taacattctt 


ctctcgtgtg 


tttgtgtctg 


6960 




ttcgccatcc 


cgtctccgct 


cgtcacttat 


ccttcacttt 


tcagagggtc 


cccccgcaga 


7020 




tcccggtcac 


cctcaggtcg 


ggtcgacaac 


catggtgagc 


aagggcgagg 


agctgttcac 


7080 




cggggtggtg 


cccatcctgg 


tcgagctgga 


cggcgacgta 


aacggccaca 


agttcagcgt 


7140 


10 


gtccggcgag 


ggcgagggcg 


atgccaccta 


cggcaagctg 


accctgaagt 


tcatctgcac 


7200 




caccggcaag 


ctgcccgtgc 


cctggcccac 


cctcgtgacc 


accctgacct 


acggcgtgca 


7260 




gtgcttcagc 


cgctaccccg 


accacatgaa 


gcagcacgac 


ttcttcaagt 


ccgccatgcc 


7320 


IS 


cgaaggctac 


gtccaggagc 


gcaccatctt 


cttcaaggac 


gacggcaact 




7380 


cgccgaggtg 


aagttcgagg 


gcgacaccct 


ggtgaaccgc 


atcgagcxga 


agggcatcga 


7440 




cttcaaggag 


gacggcaaca 


Tcctggggca 


caagctggag 


tiacaacliaca 




7500 




cgtctatatc 


atggccgaca 


agcagaagaa 


eg g CAT caag 




agltccgccl 




20 


caacatcgag 


gacggcagcg 


tgcagctcgc 


cgaccactac 


cagcagaaca 


cc cccst C99 


7620 




cgacggcccc 


gtgctgctgc 


ccgacaacca 


ctacctgagc 


acccagtccg 


C C CtQSQCSiSl 


7680 




agaccccaac 


gagaagcgcg 


atcacatggt 


cctQctaaaa 


ttcgtgaccg 


ccaccaaaat 


7740 




cactctcggc 


atggacgagc 


tgtacaagta 


aagcggcctc 


gacaatcaac 




78(M) 




caaaatttgt 


gaAagattga 


ctggtattct 


taactatgtt 


gctcct'Ctta 




7860 




atacgctgct 


ttaatgcctt 


tgtatcatgc 


tattgcttcc 


cg-^atggctt 


tcattttctc 


7920 


30 


ctccttgtat 


aaatcctggt 


tgctgtctct 




xxgtggcccg 


'C'tQ'tCd.CfQCS. 


7980 




acgtggcgtg 


gtgtgcactg 


tgtttgctga 


cgcaaccccc 


ac'tggt'Cggg 


gcattgccac 






cacctgtcag 


ctcctttccg 


ggacttrcgc 


tttccccctc 




cggcggaact 


BlOO 


35 


catcgccgcc 


tgccttgccc 




y y y ^ y 


ctgxxgggca 




8160 




cgtggtgttg 


ccggggaagc 


tgacgtcctt 


"Cccatggctg 


ctcgcctgtg 


t'tQCCd.CC'tQ 


8220 




gattctgcgc 


gggacgtcct 


tctgctacgt 


cccttcggcc 


ctcaatccag 




8280 




ttcccgcggc 


ctgctgccgg 


ctctgcggcc 


tcttccgcgl! 


cttcgccctc 


Qccctcagsc 


8340 


40 


gagtcggatc 


tccctttggg 


ccgcctcccc 


gcctggaatt 






8400 




ccaatgactt 


acaaggcagc 


tgtagatctt 


agccactttt 


taaaagaaaa 




8460 




gaagggctaa 


ttcactccca 


acgaagacaa 


gatctgcttx 


ttgcttgtac 


tgggtctctc 






^ggt'tagacc 


agatctg age 


c^gggagctc 






acxg ctxaag 






cctcaataaa 


gcttgccttg 


agtgcttcaa 


gtlgtgtgtg 


ccc^ctgtt 


gtgtgacuct 


8640 




ggtaactaga 


gatccctcag 


acccttttag 


tcagtgtgga 


aaatctctag 


cagtagtagt 


8700 


50 


tcatgtcatc 


ttattattca 


gtatttataa 


cttgcaaaga 


aatgaatatc 


agagagtgag 


8760 




aggaacttgt 


ttattgcagc 


ttataatggt 


tacaaataaa 


gcaatagcat 


cacaaatttc 


8820 




acaaataaag 


catttttttc 


actgcattct 


agttgtggtt 


tgtccaaact 


catcaatgta 


8SS0 



55 
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w 



tcttatcatg 


tctggctcta 


gctatcccgc 


ccctaactcc 


gcccagttcc 


gcccattctc 


8940 


cgccccatgg 


ctgactaati 


ttttttattt 


atgcagaggc 


cgaggccgcc 


tcggcctctg 


9000 


agctattcca 


gaagtagtga 


ggaggctttt 


ttggaggcct 


aggcttttgc 


gtcgagacgt 


9060 


acccaattcg 


ccctatagtg 


agtcgtatta 


cgcgcgctca 


ctggccgtcg 


ttttacaacg 


9120 


tcgtgactgg 


gaaaaccctg 


gcgitaccca 


acttaatcgc 


cttgcagcac 


atcccccttt 


9180 


cgccagctgg 


cgtaatagcg 


aagaggcccg 


caccgatcgc 


ccttcccaac 


agttgcgcag 


9240 


cctgaatggc 


gaatggcgcg 


acgcgccctg 


tagcggcgca 


ttaagcgcgg 


cgggtgtggt 


9300 


ggttacgcgc 


agcgtgaccg 


ctacacttgc 


cagcgcccta 


gcgcccgctc 


ctttcgcttt 


9360 


cttcccttcc 


tttctcgcca 


cgttcgccgg 


ctttccccgt 


caagctctaa 


atcgggggct 


9420 


ccctttaggg 


ttccgattta 


gtgctttacg 


gcacctcgac 


cccaaaaaac 


ttgatcaggg 


94S0 


tgatggttca 


cgtagtgggc 


catcgccctg 


atagacggtt 


tttcgccctt 


tgacgttgga 


9540 


gtccacgttc 


tttaatagtg 


gactcttgtt 


ccaaactgga 


acaacactca 


accctatctc 


9600 


ggtctattct 


tttgatttat 


aagggatttt 


gccgatticg 


gcctattggt 


taaaaaatga 


9660 


gctgatttaa 


caaaaattta 


acgcgaattt 


taacaaaata 


ttaacgttta 


caatttcc 


9718 



<210>7 
25 <211>9490 
<212> DNA 

<213> Artificial Sequence 

<220> 

30 <223> plasmid 

<220> 

<221> misc_feature 
<222> (1)..(9490) 
<223> 

35 

<220> 

<221> misc_realure 
<222>(1)..(9490) 

<223> plasmid containing the lentiviral vector construct CCL^WA3-GFP/de ItaLNGFR 

<400> 7 

caggtggcac ttttcgggga aatgtgcgcg gaacccctat ttgtttattt ttctaaatac 60 



50 



55 
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attcaaatat 


gtatccgctc 


atgagacaat 


aaccctgata 


aatgcttcaa 


taatattgaa 


120 




aaaggaagag 


taigagtatt 


caacatttcc 


gtgtcgccct 


tattcccttt 


tttgcggcat 


180 


5 


tttgccttcc 


tgtttttgct 


cacccagaaa 


cgctggtgaa 


agtaaaagat 


gctgaagatc 


240 




agttgggtgc 


acgagtgggt 


tacatcgaac 


tggatctcaa 


cagcggtaag 


atccttgaga 


300 




gttttcgccc 


cgaagaacgt 


tttccaatga 


tgagcacttt 


taaagttctg 


ctatgtggcg 


360 




cggtattatc 


ccgtattgac 


gccgggcaag 


agcaactcgg 


tcgccgcata 


cactattctc 


420 




agaatgactt 


ggttgagtac 


tcaccagtca 


cagaaaagca 


tcttacggat 


ggcatgacag 


480 




taagagaatt 


atgcagtgct 


gccataacca 


tgagtgataa 


cactgcggcc 


aacttacttc 


540 


15 


tgacaacgat 


cggaggaccg 


aaggagctaa 


ccgctttttt 


gcacaacatg 


ggggatcatg 


600 


taactcgcct 


tgatcgttgg 


gaaccggagc 


tgaatgaagc 


cataccaaac 


gacgagcgtg 


6G0 




acaccacgat 


gcctgtagca 


atggcaacaa 


cgttgcgcaa 


actattaact 


ggcgaactac 


720 




ttactctagc 


ttcccggcaa 


caattaatag 


actggatgga 


ggcggataaa 


gttgcaggac 


780 


20 


cacttctgcg 


ctcggccctt 


ccggctggct 


ggtttattgc 


tgataaatct 


ggagccggtg 


840 




agcgtgggtc 


tcgcggtatc 


attgcagcac 


tggggccaga 


tggtaagccc 


tcccgtatcg 


900 




tagttatcta 


cacgacgggg 


agtcaggcaa 


ctatggatga 


acgaaataga 


cagatcgctg 


960 


25 


agataggtgc 


ctcactgatt 


aagcattggt 


aactgtcaga 


ccaagtttac 


tcatatatac 


1020 




tttagattga 


tttaaaactt 


catttttaat 


ttaaaaggat 


ctaggtgaag 


atcctttttg 


1080 




ataatctcat 


gaccaaaatc 


ccttaacgtg 


agttltcgtt 


ccactgagcg 


tcagaccccg 


1140 


30 


tagaaaagat 


caaaggatct 


tcttgagatc 


ctttttttct 


gcgcgtaatc 


tgctgcttgc 


1200 




aaacaaaaaa 


accaccgcta 


ccagcggtgg 


tttgtttgcc 


ggatcaagag 


ctaccaactc 


1260 




tttttccgaa 


ggtaactggc 


ttcagcagag 


cgcagatacc 


aaatactgtc 


cttctagtgt 


1320 


35 


agccgtagtt 


aggccaccac 


ttcaagaact 


ctgtagcacc 


gcctacatac 


ctcgctctgc 


1380 




taatcctgtt 


accagtggct 


gctgccagtg 


gcgataagtc 


gtgtcttacc 


gggttggact 


1440 




caagacgata 


gttaccggat 


aaggcgcagc 


ggtcgggctg 


aacggggggt 


tcgtgcacac 


1500 


40 


agcccagctt 


ggagcgaacg 


acctacaccg 


aactgagata 


cctacagcgt 


gagctatgag 


1560 




aaagcgccac 


gcttcccgaa 


gggagaaagg 


cggacaggta 


tccggtaagc 


ggcagggtcg 


1620 




gaacaggaga 


gcgcacgagg 


gagcttccag 


ggggaaacgc 


ctggtatctt 


tatagtcctg 


1680 




tcgggtttcg 


ccacctctga 


cttgagcgtc 


gatttttgtg 


atgctcgtca 


ggggggcgga 


1740 


45 


gcctatggaa 


aaacgccagc 


aacgcggcct 


ttttacggtt 


cctggccttt 


tgctggcctt 


1800 




ttgctcacat 


gttctttcct 


gcgttatccc 


ctgattctgt 


ggataaccgt 


attaccgcct 


1860 




ttgagtgagc 


tgataccgct 


cgccgcagcc 


gaacgaccga 


gcgcagcgag 


tcagtgagcg 


1920 


50 


aggaagcgga 


agagcgccca 


atacgcaaac 


cgcctctccc 


cgcgcgttgg 


ccgattcatt 


1980 




aatgcagctg 


gcacgacagg 


tttcccgact 


ggaaagcggg 


cagtgagcgc 


aacgcaatta 


2040 




atgtgagtta 


gctcactcat 


taggcacccc 


aggctttaca 


ctttatgctt 


ccggctcgta 


2100 
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tgttgtgtgg 


aattgtgagc 


ggataacaat 


ttcacacagg' 


aaacagctat 


gaccatgatt 


2160 




acgccaagcg 


cgcaattaac 


cctcactaaa 


gggaacaaaa 


gctggagctg 


caagcttggc 


2220 


5 


cattgcatac 


gttgtatcca 


tatcataata 


tgtacattta 


tattggctca 


tgtccaacat 


2280 




taccgccatg 


ttgacattga 


ttattgacta 


gttattaata 


gtaatcaatt 


acggggtcat 


2340 




tagttcatag 


cccatatatg 


gagttccgcg 


ttacataact 


tacggtaaat 


ggcccgcctg 


2400 


W 


gctgaccgcc 


caacgacccc 


cgcccattga 


cgtcaataat 


gacgtatgtt 


cccatagtaa 


2460 




cgccaatagg 


gactttccat 


tgacgtcaat 


gggtggagta 


tttacggtaa 


actgcccact 


2520 




tggcagtaca 


tcaagtgtat 


catatgccaa 


gtacgccccc 


tattgacgtc 


aatgacggta 


2580 


IS 


aatggcccgc 


ctggcattat 


gcccagtaca 


tgaccttatg 


ggactttcct 


acttggcagt 


2640 


acatctacgt 


attagtcatc 


gctattacca 


tggtgatgcg 


gttttggcag 


tacatcaatg 


2700 




ggcgtggata 


gcggtttgac 


tcacggggat 


ttccaagtct 


ccaccccatt 


gacgtcaatg 


2760 




ggagtttgtt 


ttggcaccaa 


aatcaacggg 


actttccaaa 


atgtcgtaac 


aactccgccc 


2820 


20 


cattgacgca 


aatgggcggt 


aggcgtgtac 


ggtgggaggt 


ctatataagc 


agagctcgtt 


2880 




tagtgaaccg 


gggtctctct 


ggttagacca 


gatctgagcc 


tgggagctct 


ctggctaact 


2940 




agggaaccca 


ctgcttaagc 


ctcaataaag 


cttgccttga 


gtgcttcaag 


tagtgtgtgc 


3000 


25 


ccgtctgttg 


tgtgactctg 


gtaactagag 


atccctcaga 


cccttttagt 


cagtgtggaa 


3060 




aatctctagc 


agtggcgccc 


gaacagggac 


ctgaaagcga 


aagggaaacc 


agagctctct 


3120 




cgacgcagga 


ctcggcttgc 


tgaagcgcgc 


acggcaagag 


gcgaggggcg 


gcgactggtg 


3180 


30 


agtacgccaa 


aaattttgac 


tagcggaggc 


tagaaggaga 


gagatgggtg 


cgagagcgtc 


3240 




agtattaagc 


gggggagaat 


tagatcgcga 


tgggaaaaaa 


ttcggttaag 


gccaggggga 


3300 




aagaaaaaat 


ataaattaaa 


acatatagta 


tgggcaagca 


gggagctaga 


acgattcgca 


3360 


35 


gttaatcctg 


gcctgttaga 


aacatcagaa 


ggctgtagac 


aaatactggg 


acagctacaa 


3420 




ccatcccttc 


agacaggatc 


agaagaactt 


agatcattat 


ataatacagt 


agcaaccctc 


3480 




tattgtgtgc 


atcaaaggat 


agagataaaa 


gacaccaagg 


aagctttaga 


caagatagag 


3540 




gaagagcaaa 


acaaaagtaa 


gaccaccgca 


cagcaagcgg 


ccgctgatct 


tcagacctgg 


3600 


40 


aggaggagat 


atgagggaca 


attggagaag 


tgaattatat 


aaatataaag 


tagtaaaaat 


3660 




tgaaccatta 


ggagtagcac 


ccaccaaggc 


aaagagaaga 


gtggtgcaga 


gagaaaaaag 


3720 




agcagtggga 


ataggagctt 


tgttccttgg 


gttcttggga 


gcagcaggaa 


gcactatggg 


3780 


45 


cgcagcctca 


atgacgctga 


cggtacaggc 


cagacaatta 


ttgtctggta 


tagtgcagca 


3840 




gcagaacaat 


ttgctgaggg 


ctattgaggc 


gcaacagcat 


ctgttgcaac 


tcacagtctg 


3900 




gggcatcaag 


cagctccagg 


caagaatcct 


ggctgtggaa 


agatacctaa 


aggatcaaca 


3960 


50 


gctcctgggg 


atttggggtt 


gctctggaaa 


actcatttgc 


accactgctg 


tgccttggaa 


4020 




tgctagttgg 


agtaataaat 


ctctggaaca 


gatttggaat 


cacacgacct 


ggatggagtg 


4080 




ggacagagaa 


attaacaatt 


acacaagctt 


aatacactcc 


ttaattgaag 


aatcgcaaaa 


4X40 
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ccagcaagaa 


aagaatgaac 


aagaattatt 


ggaattagat 


aaatgggcaa 


gtttgtggaa 


4200 




ttggtttaac 


ataacaaatt 


ggctgtggta 


tataaaatta 


ttcataatga 


tagtaggagg 


4260 


5 


cttggtaggt 


ttaagaatag 


tttttgctgt 


actttctata 


gtgaatagag 




4320 




atattcacca 


ttatcgtttc 


agacccacct 


cccaaccccg 


aggggacccg 


acaggcccga 


43S0 




aggaatagaa 


gaagaaggtg 


gagagagaga 


cagagacaga 


tccattcgat 


tagtgaacgg 


4440 


W 


atctcgacgg 


tatcggttaa 


cttttaaaag 


aaaagggggg 


attaaaaaat 




4500 




ggaaagaata 


gtagacataa 


tagcaacaga 


catacaaact 


aaagaattac 


aaaaacaaat 


4560 




tacaaaaatt 


caaaatttta 


tcgatcacga 


gac^agccnc 


gaggagatct 


ga.tcataatc 


4620 


15 


agccatacca 


catttgtaga 


ggttttactt 


gctttaaaaa 


acctcccaca 








aacctgaaac 


ataaaatgaa 


tgcaattgtt 


gttgttaact 


tgtttattgc 


agct'ta'taat 


4740 




ggttacaaat 


aaggcaatag 


catcacaaat 


ttcacaaa^a 


aggcattttt 


ttcactgcat 


4800 


20 


tctagttttg 


gtttgtccaa 


actcatcaat 


gtatct^tatc 


atgiccggat 






tcggaagctg 


cgcctgtctt 




gatacatttt 


tat^cactut 


acccgtC'C'Ct 


4920 




ggattaggca 


gtagctctga 


cggccctcct 


gtcttaggtt 


agirgaaaaat 


gtcactcccti 


4980 




tacccgtcat 


tggctgtcca 


gcttagctcg 






caccatglict! 


5040 


25 


agagaatagg 


aacttcggaa 


taggaacttc 




tactrtgrtaca 








gccgagagtg 




cggtcacgaa 


ctccagcagg 


accatgtgat 


cgcgcttctc 


5160 




gttggggtct 


ttgctcaggg 


cggactgggt 






gcagcagcac 


5220 




ggggccgtcg 


ccgatggggg 


tgttctgctg 






cgctgccgtc 


5280 




ctcgatgttg 


tggcggatct 


tgaagttcac 


cttgatgccg 


ttcttctgct 


tgtcggccat 


5340 




gatatagacg 


ttgtggctgt 


tgtagttgta 


ctccagcttg 


tgccccagga 


tgttgccgtc 


5400 


35 


ctccttgaag 


tcgatgccct 


tcagctcgat 


gcggttcacc 










cacctcggcg 


cgggtcttgt 


agttgccgtc 


gtccttgaag 


aagatggtgc 


gctcctggac 


5520 




gtagccttcg 


ggcatggcgg 


acttgaagaa 




"Ctca'tgtggt 


^yyyy L^y'-y 


5580 


40 


gctgaagcac 


tgcacgccgt 


aggtcagggt 






gcacgggcag 


5640 




cttgccggtg 


gtgcagatga 


acttcagggt 


cagcttgccg 


taggtiggcat 


cgccctCQCC 


5700 




ctcgccggac 


acgctgaact 


tgtggccgtt 


t^acgtcgccg 


ticcagcticga 


ccaggatggg 






caccaccccg 


gtgaacagct 


cctcgccctt 


gctcaccatg 


gttgtcgacc 


cgacctgagg 


5820 


45 


gtgaccggga 




gac c dctga 




ataagtgacg 


agcggagacg 


5880 






cagacscaaa 




aag!atgtta 




aagmactc 






aaaaaatcag 


cactctttta 


tattatggtt 


tacataagca 


tttacataag 


acttggatag 


6000 


50 


attccaaaag 


aacataggca 


agcttgatat 


cgaattccca 


cggggttggg 


gttgcgcctt 


6060 




ttccaaggca 


gccctgggtt 


tgcgcaggga 


cgcggctgct 


ctgggcgtgg 


ttccgggaaa 


6120 




cgcagcggcg 


ccgaccctgg 


gtctcgcaca 


ttcttcacgt 


ccgttcgcag 


cgtcacccgg 


6180 
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atcttcgccg 


ctacccttgt 


gggccccccg 


gcgacgcttc 


ctgctccgcc 


cctaagtcgg 


6240 




gaaggttcct 


tgcggttcgc 


ggcgtgccgg 


acgtgacaaa 


cggaagccgc 


acgtctcact 


6300 


5 


agtaccctcg 


cagacggaca 


gcgccaggga 


gcaatggcag 


cgcgccgacc 


gcgatgggct 


6360 




gtggccaata 


gcggctgctc 


agcggggcgc 


gccgagagca 


gcggccggga 


aggggcggtg 


6420 




cgggaggcgg 


ggtgtggggc 


ggtagtgtgg 


gccctgttcc 


tgcccgcgcg 


gtgttccgca 


6480 




ttctgcaagc 


ctccggagcg 


cacgtcggca 


gtcggctccc 


tcgttgaccg 


aatcaccgac 


6540 




ctctctcccc 


agggggatcc 


cccgggctgc 


aggaattcgg 


gccgcggcca 


gctccggcgg 


6600 




gcaggggggg 


cgctggagcg 


cagcgcagcg 


cagccccatc 


agtccgcaaa 


gcggaccgag 


6660 


15 


ctggaagtcg 


agcgctgccg 


cgggaggcgg 


gcgatggggg 


caggtgccac 


cggccgcgcc 


6720 




atggacgggc 


cgcgcctgct 


gctgttgctg 


cttctggggg 


tgtcccttgg 


aggtgccaag 


6780 




gaggcatgcc 


ccacaggcct 


gtacacacac 


agcggtgagt 


gctgcaaagc 


ctgcaacctg 


6840 




ggcgagggtg 


tggcccagcc 


ttgtggagcc 


aaccagaccg 


tgtgtgagcc 


ctgcctggac 


6900 


20 


agcgtgacgt 


tctccgacgt 


ggtgagcgcg 


accgagccgt 


gcaagccgtg 


caccgagtgc 


6960 




gtggggctcc 


agagcatgtc 


ggcgccgtgc 


gtggaggccg 


acgacgccgt 


gtgccgctgc 


7020 




gcctacggct 


actaccagga 


tgagacgact 


gggcgctgcg 


aggcgtgccg 


cgtgtgcgag 


7080 


2S 


gcgggctcgg 


gcctcgtgtt 


ctcctgccag 


gacaagcaga 


acaccgtgtg 


cgaggagtgc 


7140 




cccgacggca 


cgtattccga 


cgaggccaac 


cacgtggacc 


cgtgcctgcc 


ctgcaccgtg 


7200 




tgcgaggaca 


ccgagcgcca 


gctccgcgag 


tgcacacgct 


gggccgacgc 


cgagtgcgag 


7260 


30 


gagatccctg 


gccgttggat 


tacacggtcc 


acacccccag 


agggctcgga 


cagcacagcc 


7320 




cccagcaccc 


aggagcctga 


ggcacctcca 


gaacaagacc 


tcatagccag 


cacggtggca 


73S0 




ggtgtggtga 


ccacaQtgat 


gggcagctcc 


cagcccgtgg 


tgacccgagg 


caccaccgac 


7440 




aacctcatcc 


ctgtctattg 


ctccatcctg 


gctgctgtgg 


ttgtgggcct 


tgtggcctac 


7SO0 




atagccttca 


agaggtggaa 


cagggggatc 


ctctagagtc 


gagtctagag 


tcgacaatca 


7560 




acctctggat 


tacaaaattt 


gtgaaagatt 


gactggtatt 


cttaactatg 


ttgctccttt 


7620 


40 


tacgctatgt 


ggatacgctg 


ctttaatgcc 


tttgtatcat 


gctattgctt 


cccgtatggc 


7680 




tttcattttc 


tcctccttgt 


ataaatcctg 


gttgctgtct 


ctttatgagg 


agttgtggcc 


7740 




cgttgtcagg 


caacgtggcg 


tggtgtgcac 


tgtgtttgct 


gacgcaaccc 


ccactggttg 


7800 




gggcattgcc 


accacctgtc 


agctcctttc 


cgggactttc 


gctttccccc 


tccctattgc 


7860 


45 


cacggcggaa 


ctcatcgccg 


cctgccttgc 


ccgctgctgg 


acaggggctc 


ggctgttggg 


7920 




cactgacaat 


tccgtggtgt 


tgtcggggaa 


gctgacgtcc 


tttccatggc 


tgctcgcctg 


7980 




tgttgccacc 


tggattctgc 


gcgggacgtc 


cttctgctac 


gtcccttcgg 


ccctcaatcc 


8040 


50 


agcggacctt 


ccttcccgcg 


gcctgctgcc 


ggctctgcgg 


cctcttccgc 


gtcttcgcct 


8100 




tcgccctcag 


acgagtcgga 


tctccctttg 


ggccgcctcc 


ccgcctggaa 


ttcgagctcg 


8160 




gtacctttaa 


gaccaatgac 


ttacaaggca 


gctgtagatc 


ttagccactt 


tttaaaagaa 


8220 



55 
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aaggggggac tggaagggct aattcactcc caacgaagac aagatctgct ttttgcttgt 8280 

actgggtctc tctggttaga ccagatctga gcctgggagc tctctggcta actagggaac 8340 

ccactgctta agcctcaata aagcttgcct tgagtgcttc aagtagtgtg tgcccgtctg 8400 

ttgtgtgact ctggtaacta gagatccctc agaccctttt agtcagtgtg gaaaatctct 8460 

agcagtagta gttcatgtca tcttattatt cagtatttat aacttgcaaa gaaatgaata 8520 

tcagagagtg agaggaactt gtttattgca gcttataatg gttacaaata aagcaatagc 8580 

atcacaaatt tcacaaataa agcatttttt tcactgcatt ctagttgtgg tttgtccaaa 8640 

ctcatcaatg tatcttatca tgtctggctc tagctatccc gcccctaact ccgcccagtt 8700 

ccgcccattc tccgccccat ggctgactaa ttttttttat ttatgcagag gccgaggccg 8760 

cctcggcctc tgagctattc cagaagtagt gaggaggctt ttttggaggc ctaggctttt 8820 

gcgtcgagac gtacccaatt cgccctatag tgagtcgtat tacgcgcgct cactggccgt 8880 

cgttttacaa cgtcgtgact gggaaaaccc tggcgttacc caacttaatc gccttgcagc 8940 

acatccccct ttcgccagct ggcgtaatag cgaagaggcc cgcaccgatc gcccttccca 9000 

acagttgcgc agcctgaatg gcgaatggcg cgacgcgccc tgtagcggcg cattaagcgc 9060 

ggcgggtgtg gtggttacgc gcagcgtgac cgctacactt gccagcgccc tagcgcccgc 9120 

tcctttcgct ttcttccctt cctttctcgc cacgttcgcc ggctttcccc gtcaagctct 9180 

aaatcggggg ctccctttag ggttccgatt tagtgcttta cggcacctcg accccaaaaa 9240 

acttgattag ggtgatggtt cacgtagtgg gccatcgccc tgatagacgg tttttcgccc 9300 

tttgacgttg gagtccacgt tctttaatag tggactcttg ttccaaactg gaacaacact 9360 

caaccctatc tcggtctatt cttttgattt ataagggatt ttgccgattt cggcctattg 9420 

gttaaaaaat gagctgattt aacaaaaatt taacgcgaat tttaacaaaa tattaacgtt 9480 

tacaatttcc 9490 

<210> 8 
<211> 10086 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> plasmid 
<220> 

<221> nnisc_feature 
<222> (1)..{10086) 
<223> 

<220> 

<221> misc_feature 
<222> (1)..(10086) 

<223> plasmid containing the lentiviral vector constmct CCL-IWA4-GFP/d9 ItaLNGFR 
<400>8 
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15 



35 



caggtggcac 


ttttcgggga 


aatgtgcgcg 


gaacccctat 


ttgtttattt 


ttctaaatac 


60 


attcaaatat 


gtatccgctc 


atgagacaat 


aaccctgata 


aatgcttcaa 


taatattgaa 


120 


aaaggaagag 


tatgagtatt 


caacatttcc 


gtgtcgccct 


tattcccttt 


tttgcggcat 


180 


tttgccttcc 


tgtttttgct 


cacccagaaa 


cgctggtgaa 


agtaaaagat 


gctgaagatc 


240 


agttgggtgc 


acgagtgggt 


tacatcgaac 


tggatctcaa 


cagcggtaag 


atccttgaga 


300 


gttttcgccc 


cgaagaacgt 


tttccaatga 


tgagcacttt 


taaagttctg 


ctatgtggcg 


360 


cggtattatc 


ccgtattgac 


gccgggcaag 


agcaactcgg 


tcgccgcata 


cactattctc 


420 


agaatgactt 


ggttgagtac 


tcaccagtca 


cagaaaagca 


tcttacggat 


ggcatgacag 


480 


taagagaatt 


atgcagtgct 


gccataacca 


tgagtgataa 


cactgcggcc 


aacttacttc 


540 


tgacaacgat 


cggaggaccg 


aaggagctaa 


ccgctttttt 


gcacaacatg 


ggggatcatg 


600 


taactcgcct 


tgatcgttgg 


gaaccggagc 


tgaatgaagc 


cataccaaac 


gacgagcgtg 


660 


acaccacgat 


gcctgtagca 


atggcaacaa 


cgttgcgcaa 


actattaact 


ggcgaactac 


720 


ttactctagc 


ttcccggcaa 


caattaatag 


actggatgga 


ggcggataaa 


gttgcaggac 


780 


cacttctgcg 


ctcggccctt 


ccggctggct 


ggtttattgc 


tgataaatct 


ggagccggtg 


S40 


agcgtgggtc 


tcgcggtatc 


attgcagcac 


tggggccaga 


tggtaagccc 


tcccgtatcg 


900 


tagttatcta 


cacgacgggg 


agtcaggcaa 


ctatggatga 


acgaaataga 


cagatcgctg 


960 


agataggtgc 


ctcactgatt 


aagcattggt 


aactgtcaga 


ccaagtttac 


tcatatatac 


1020 


tttagattga 


tttaaaactt 


catttttaat 


ttaaaaggat 


ctaggtgaag 


atcctttttg 


1080 


ataatctcat 


gaccaaaatc 


ccttaacgtg 


agttttcgtt 


ccactgagcg 


tcagaccccg 


1140 


tagaaaagat 


caaaggatct 


tcttgagatc 


ctttttttct 


gcgcgtaatc 


tgctgcttgc 


1200 


aaacaaaaaa 


accaccgcta 


ccagcggtgg 


tttgtttgcc 


ggatcaagag 


ctaccaactc 


1260 


tttttccgaa 


ggtaactggc 


ttcagcagag 


cgcagatacc 


aaatactgtc 


cttctagtgt 


1320 


agccgtagtt 


aggccaccac 


ttcaagaact 


ctgtagcacc 


gcctacatac 


ctcgctctgc 


1380 


taatcctgtt 


accagtggct 


gctgccagtg 


gcgataagtc 


gtgtcttacc 


gggttggact 


1440 


caagacgata 


gttaccggat 


aaggcgcagc 


ggtcgggctg 


aacggggggt 


tcgtgcacac 


ISOO 


agcccagctt 


ggagcgaacg 


acctacaccg 


aactgagata 


cctacagcgt 


gagctatgag 


1560 


aaagcgccac 


gcttcccgaa 


gggagaaagg 


cggacaggta 


tccggtaagc 


ggcagggtcg 


1620 


gaacaggaga 


gcgcacgagg 


gagcttccag 


ggggaaacgc 


ctggtatctt 


tatagtcctg 


1680 
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tcaoatttCQ 


ccacctctga 


cttgagcQtc 


gatttttgtg 


atgctcgtca 




1740 




aaacgccagc 


aacgcggcct 


ttttacggtt 


cctggccttt 


tgctggcctt 


1800 




gttctttcct 


gcgttatccc 


ctgadccgt 


ggataaccgt 


ana c eg cct 


1860 




xgatac cgct 






gcgcagcgag 








agagcgccca 


atacgcaaac 


cgc ctctccc 




ccgadcatt 


1980 




gcacgacagg 


tttcccgact 




cagiigagcgc 


aacgcaatta 


2040 


atgtgagtta 


gctcactcat 


taggcacccc 


aggctttaca 


cttlatgctt 


ccggctcgta 


2100 


tgttgtgtgg 


d^tiigtgagc 


ggataacaat 




aaacagctat 


gaccatgatt 




accjccacLQcg 




cctcactaaa 


gggaacaa!! 


gctggagctg 


caagcttggc 


2220 


catitgcdtcic 


gttgtatcci 


tatcataata 


t9't3C3^'t't3 


tattggctca 


tgtccaacat 




taccgccAtQ 


ti9d c d.'t 1 9 H 


t"taX"cgacta 


9X't3tX33't3 


gtaatcaatt 


3cgggg"tC3"C 


2340 


tagttcatag 


CCC3't<ltcltQ 


gagttccgcg 


ttI3C3't33Ct 


tacggtaaat 


ggcccgcctg 


2400 


gctgaccgcc 


caacgacccc 


cgcccattga 


CgtC33't33'C 


gacgtatgtt 


ccca'tag'taa 






QACt CCA't 




9ggtggagta 


tttac99^33 


actgcccact 




tggcagtaca 






gtacgccccc 


'ta't'tgacgtc 


aatgacggta 






ctgg^attat 


gcccagtaca 


9 a c ct a tg 


ggactttcct 


acttggcagt 










tggtgatgcg 




tacatcaatg 












ccacc«att 


gacgtcaa'tg 


2760 


yH**3 




asft ca2iC9QC) 


actttccaaa 




aactccgccc 


2820 


cattgacgca 




aggcgtgtac 


oa'tockosaoT 


cxatiat^aagc 


agagctcgtt 


2880 


tagtgaaccg 




99tta93cc<i. 




tgggagctct 


ctggctaact 




agggaaccca 






cttgccttga 


g^gctiicaag 


taglglglgc 


3000 


ccgtctgttg 




gtaactagag 


atccctcaga 




cagTgiggaa 




aatctctagc 








aagggaaacc 


agagctctct 


3120 


cgacgcagga 


ctcgcjcttgc 


tgaagcgcQC 


acggcl!g!g 


gcgaggggcg 


gcgactgg'tg 




agtacgccaa 




t35i cggaggc 


"tagaaggaga 


gagatgggtg 


cgagagcg^c 




agtattaagc 




1 3^931^ cgcg3 


tgggaaaaaa 


ttcggttaag 


gccaggggga 




aagaaaaaali 




acatatagta 


tgggcaagca 


gggagctaga 


acgatticgca 


3360 




gcctgttaga 


aacatcagaa 


ggdglagac 


aaatactggg 


acagctacaa 


3420 


ccatcccttc 


agacaggatc 


agaagaactt 


agatcattat 


ataatacagt 


agcaaccctc 


3480 


tattgtgtgc 


atcaaaggat 


agagataaaa 


gacaccaagg 


aagctttaga 


caagatagag 


3540 


gaagagcaaa 


acaaaagtaa 


gaccaccgca 


cagcaagcgg 


ccgctgatct 


tcagacctgg 


3600 


aggaggagat 


atgagggaca 


attggagaag 


tgaattatat 


aaatataaag 


tagtaaaaat 


3660 


tgaaccatta 


ggagtagcac 


ccaccaaggc 


aaagagaaga 


gtggtgcaga 


gagaaaaaag 


3720 
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agcagtggga 


ataggagctt 


tgttccttgg 


gttcttggga 


gcagcaggaa 


gcactatggg 


3780 




cgcagcctca 


atgacgctga 


cggtacaggc 


cagacaatta 


ttgtctggta 


tagtgcagca 


3840 


5 


gcagaacaat 


ttgctgaggg 


ctattgaggc 


gcaacagcat 


ctgttgcaac 


tcacagtctg 


3900 




gggcatcaag 


cagctccagg 


caagaatcct 


ggctgtggaa 


agatacctaa 


aggatcaaca 


3960 




gctcctgggg 


atttggggtt 


gctctggaaa 


actcatttgc 


accactgctg 


tgccttggaa 


4020 




tgctagttgg 


agtaataaat 


ctctggaaca 


gattggaatc 


acacgacctg 


aatQaaatm 
y •* *-i#y 


4080 




gacagagaaa 


ttaacaatta 


cacaagctta 


atacactcct 


taaftgaaga 


atcgcaaaac 


4140 




cagcaagaaa 


agaatgaaca 


agaattattg 


gaattagata 


aatgggcaag 


tttgtggaat 


4200 


15 


tggtttaaca 


taacaaattg 


gctgtggtat 


ataaaattat 


tcataatgat 




4260 




ttggtaggtt 


taagaatagt 


ttttgctgta 


ctttctatag 


tgaa'Cagag^ 


taggcaggga 


4320 




tattcaccat 


tatcgtttca 


gacccacctc 


ccaaccccga 




caggcccgaa 


4380 


20 


ggaatagaag 


aagaaggtgg 


agagagagac 


agagacagat 


ccattcgatt 


agtigaacgga 


4440 


tctcgacggt 


atcggttaac 


tfttaaaaga 


aaagggggga 




cagtgcaggg 


4500 




gaaagaatag 


tagacataat 


agcaacagac 


atacaaacta 


aagaat taca 


aaaacaaa't't 


4560 




acaaaaattc 


aaaattttat 


cgatcacgag 


actagcctcg 


agagatctga 


tcataatcag 


4620 


25 


ccataccaca 


tttgtagagg 


ttttacttgc 


tttaaaaaac 


ctcccacacc 


tccccctgaa 


4680 




cctgaaacat 


aaaatgaatg 


caattgttgt 


tgttaacttg 


tttattgcag 


cttataatgg 


4740 




ttacaaataa 


ggcaatagca 


tcacaaattt 


cacaaataag 


gcattttttt 


cactgcattc 


4800 


30 


tagttttggt 


ttgtccaaac 


tcatcaatgt 


atcttatcat 


gtctggatct 


caaatccctc 


4860 




ggaagctgcg 


cctgtcttag 


gttggagtga 


tacattttta 


tcacttttac 


ccgtcfctgg 


4920 




attaggcagt 


agctctgacg 


gccctcctgt 


cttaggttag 


tg aaaaa'Cgt 


cactctctta 


4980 


35 


cccgtcattg 


gctgtccagc 


ttagctcgca 




tctgga'CCcg 


agc'tcgaa't't 






ggccgcttta 


cttgtacagc 


tcgtccatgc 


cgagagtgat 


cccggcggcg 


g^tcacgaact 


SlOO 




ccagcaggac 


catgtgatcg 


cgcttctcgt 


tggggtcttt 


gctcagggcg 


y<**- »-yyy vyi. 


S160 


40 


tcaggtagtg 


gttgtcgggc 


agcagcacgg 


ggccgtcgcc 


gatgggggtg 


ttctgctggt 


5220 




agtggtcggc 


gagctgcacg 


ctgccgtcct 


cgatgttgtg 


gcggatcttg 


aag'ttcacc'C 


5280 




tgatgccgtt 


cttctgcltg 


tcggccatga 


tatagacgtt 


gtggctgttg 


tagttgtact 


5340 




ccagcttgtg 


ccccaggatg 


ttgccgtcct 


ccttgaagtc 


gatgcccttc 


agc'tcga'tgc 




45 


ggttcaccag 


ggtgtcgccc 


tcgaacttca 


cctcaacoca 






5460 




ccttgaagaa 


gatggtgcgc 


tcctggacgt 


agccttcggg 


catg g cggac 


ttgalglagt 


5520 




cgtgctgctt 


catgtggtcg 


gggtagcggc 


tgaagcactg 


cacgccgtag 


gtcagggtgg 


5580 


50 


tcacgagggt 


gggccagggc 


acgggcagct 


tgccggtggt 


gcagatgaac 


ttcagggtca' 


5640 




gcttgccgta 


ggtggcatcg 


ccctcgccct 


cgccggacac 


gctgaacttg 


tggccgttta 


57O0 




cgtcgccgtc 


cagctcgacc 


aggatgggca 


ccaccccggt 


gaacagctcc 


tcgcccttgc 


5760 
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45 



50 



tcaccatggt 


gaa'ttccgcg 


gaggctggat 


cggtcccggt 


gtcttctatg 




5820 


cagcgtggat 


ggcgtctcca 


ggcgatctga 


cggttcacta 


aacgagctct 


gct'Catatag 


S880 


gcctcccacc 


gtacacgcct 


accctcgaga 


39 C't'Cgs'C'tA 


acccgtgtcg 


get ccagatc 




^99^^^ ccgc 


gccgggtttt 


ggcgcctccc 


9^999^9^^^ 


ccctcctcac 


ggcgagcgct 


6000 




3C933999C9 


cag cgag cgt 


CCt93l!CClIt 


ccgcccggac 


gctcaggaca 


6060 


9C99C^^9^^ 


gctcataaga 


ctcggcccta 


933cccca9't 


atcagcagaa 


Qgacatma 


6120 


99^^999^^^ 


^999^9^^^^ 


tagggcactg 


911111 lictttc 


cagagagcgg 


aacaggcgag 


6180 


93ci3>39^^9^ 


ccc't'tctC99 


cgattc^gcg 


Q3999^^^^^ 


cgtggggcgg 


tgaacgccga 


6240 


't9iAl^tl£l^dt!3, 


399<'^^9^9^^ 


gggtgtggca 


C39C't39'ttC 


cgtcQcagcc 


gggatttggg 




^€9^99^^^^ 




'Ccg C'tg^ga'C 


C9XC3Ct't99 


tgagttgcgg 


gctgctgggc 




t99CC9g99C 


tttcgtggcc 


gc cgggccgc 


tC99^999^^ 


ggaagcg'tgt 


ggagagaccg 




ccaag99^^9 


ta9^c^999^ 


ccgcgagcaa 


ggttgccctg 


aacirgggggt 


tggggggagc 




9C3C33&B'C9 


9099^^9^^^ 


ccgagtcttg 




gcttgtaagg 


cgggctgtga 


6540 


99^^9^^9^^ 


ac3399t999 


gggcatggtg 


ggcggcaags 


acccaaggtc 


ttgaggcctt 


6600 


C9^33t9^9 




tattcgggtg 


3gat9ggctg 


gggcaccatc 


tggggaccct 


6660 


9&C9t9339^ 


tt9'tC3Ct9A 


ctggagaact 


cgggtttg^c 


gtctggttgc 


gggggcggca 


6720 


9ttfiit9C99^ 


gccgttgggc 


agtgcacccg 


tscctttggg 


agcgcgcgcc 


tcgtcgtgtc 


6780 


9t^9^^9^^^^ 




ggctta^aat 


gcagggtggg 


gccacctgcc 


ggtaggtgtg 


6840 


C99t399Ct't 


XX. cticcgt! C9 


caggacg cag 


ggttcgggcc 


tagggtaggc 


tctcctgaali 




C93ics99^9^ 


C99^^c^c^9 


gtgaggggag 


9931339^93 


ggcgTcagtt 


tctttggtcg 


5960 


91^113^9^3 


CC't3llCt'tCC 


taagtagctg 


aagctccggt 


'tugaactat 


gcgctcgggg 






tgttttgtga 


39^^^^^ 1^39 


9C3CC^'t't't9 


aaa^gtaatc 


atttgggtca 




amgtMtt 




gactagtaaa 


ttgtccgcta 


aat^ctggcc 


gtttttggct 




ttttitgda^ 


acgaagcttg 


ggctgcagga 


a'ttcgggccg 


cggccagctc 


cggcgggcag 


7200 


ggggggcgct 


ggagcgcagc 


gcagcQcagc 


ccca'tcagtc 


cgcaaagcgg 


accgagctgg 


7260 


aag'Ccgagcg 


ctgccgcggg 


aggcgggcga 


tgggggcagg 


tgccaccggc 


cgcgccatgg 


7320 


acgggccgcg 


c ciigctgctg 


ctgctgcttc 


tgggggtgtc 


ccttggaggt 


gccaaggagg 


7380 


catgccccac 


aggcctgtac 


acacaca gcg 


gtgagtgctg 


caaagcctgc 


aacctgggcg 


7440 


agggtgtggc 


ccagccttgt 


ggagccaacc 


agaccgtgtg 


tgagccctgc 


ctggacagcg 


7500 


tgacgttctc 


cgacgtggtg 


agcgcgaccg 


agccgtgcaa 


gccgtgcacc 


gagtgcgtgg 


7560 


ggctccagag 


catgtcggcg 


ccgtgcgtgg 


aggccgacga 


cgccgtgtgc 


cgctgcgcct 


7620 


acggctacta 


ccaggatgag 


acgactgggc 


gctgcgaggc 


gtgccgcgtg 


tgcgaggcgg 


7680 


gctcgggcct 


cgtgttctcc 


tgccaggaca 


agcagaacac 


cgtgtgcgag 


gagtgccccg 


7740 


acggcacgta 


ttccgacgag 


gccaaccacg 


tggacccgtg 


cctgccctgc 


accgtgtgcg 


78O0 
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aggacaccga 


gcgccagctc 


cgcgagtgca cacgctgggc 


cgacgccgag 


tgcgaggaga 


7860 




tccctggccg 


ttggattaca 


cggtccacac ccccagaggg 


ctcggacagc 


acagccccca 


7920 


s 


gcacccagga 


gcctgaggca 


cctccagaac aagacctcat 


agccagcacg 


gtggcaggtg 


7980 




tggtgaccac 


agtgatgggc 


agctcccagc ccgtggtgac 


ccgaggcacc 


accgacaacc 


8040 




tcatccctgt 


ctattgctcc 


atcctggctg ctgtggttgt 


gggccttgtg 


gcctacatag 


8100 




ccttcaagag 


gtggaacagg 


gggatcctct agagtcgagt 


ctagagtcga 


caatcaacct 


8160 




ctggattaca 


aaatttgtga 


aagattgact ggtattctta 


actatgttgc 


tccttttacg 


8220 




ctatgtggat 


acgctgcttt 


aatgcctttg tatcatgcta 


ttgcttcccg 


tatggctttc 


8280 


IS 


attttctcct 


ccttgtataa 


atcctggttg ctgtctcttt 


atgaggagtt 


gtggcccgtt 


8340 




gtcaggcaac 


gtggcgtggt 


gtgcactgtg tttgctgacg 


caacccccac 


tggttggggc 


8400 




attgccacca 


cctgtcagct 


cctttccggg actttcgctt 


tccccctccc 


tattgccacg 


8460 




gcggaactca 


tcgccgcctg 


ccttgcccgc tgctggacag 


gggctcggct 


gttgggcact 


8520 


20 


gacaattccg 


tggtgttgtc 


ggggaagctg acgtcctttc 


catggctgct 


cgcctgtgtt 


8580 




gccacctgga 


ttctgcgcgg 


gacgtccttc tgctacgtcc 


cttcggccct 


caatccagcg 


8640 




gaccttcctt 


cccgcggcct 


gctgccggct ctgcggcctc 


ttccgcgtct 


tcgccttcgc 


8700 


25 


cctcagacga 


gtcggatctc 


cctttgggcc gcctccccgc 


ctggaattcg 


agctcggtac 


8760 




ctttaagacc 


aatgacttac 


aaggcagctg tagatcttag 


ccacttttta 


aaagaaaagg 


8820 




ggggactgga 


agggctaatt 


cactcccaac gaagacaaga 


tctgcttttt 


gcttgtactg 


8880 


30 


ggtctctctg 


gttagaccag 


atctgagcct gggagctctc 


tggctaacta 


gggaacccac 


8940 




tgcttaagcc 


tcaataaagc 


ttgccttgag tgcttcaagt 


agtgtgtgcc 


cgtctgttgt 


9000 




gtgactctgg 


taactagaga 


tccctcagac ccttttagtc 


agtgtggaaa 


atctctagca 


9060 




gtagtagttc 


atgtcatctt 


attattcagt atttataact 


tgcaaagaaa 


tgaatatcag 


9120 




agagtgagag 


gaacttgttt 


attgcagctt ataatggtta 


caaataaagc 


aatagcatca 


9180 




caaatttcac 


aaataaagca 


tttttttcac tgcattctag 


ttgtggtttg 


tccaaactca 


9240 


40 


tcaatgtatc 


ttatcatgtc 


tggctctagc tatcccgccc 


ctaactccgc 


ccagttccgc 


9300 




ccattctccg 


ccccatggct 


gactaatttt ttttatttat 


gcagaggccg 


aggccgcctc 


9360 




ggcctctgag 


ctattccaga 


agtagtgagg aggctttttt 


ggaggcctag 


gcttttgcgt 


9420 


45 


cgagacgtac 


ccaattcgcc 


ctatagtgag tcgtattacg 


cgcgctcact 


ggccgtcgtt 


9480 


ttacaacgtc 


gtgactggga 


aaaccctggc gttacccaac 


ttaatcgcct 


tgcagcacat 


9540 




ccccctttcg 


ccagctggcg 


taatagcgaa gaggcccgca 


ccgatcgccc 


ttcccaacag 


9600 




ttgcgcagcc 


tgaatggcga 


atggcgcgac gcgccctgta 


gcggcgcatt 


aagcgcggcg 


9660 


SO 


ggtgtggtgg 


ttacgcgcag 


cgtgaccgct acacttgcca 


gcgccctagc 


gcccgctcct 


9720 




ttcgctttct 


tcccttcctt 


tctcgccacg ttcgccggct 


ttccccgtca 


agctctaaat 


9780 




cgggggctcc 


ctttagggtt 


ccgatttagt gctttacggc 


acctcgaccc 


caaaaaactt 


9840 
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gattagggtg atggttcacg tagtgggcca tcgccctgat agacggtttt tcgccctttg 
acgttggagt ccacgttctt taatagtgga ctcttgttcc aaactggaac aacactcaac 
cctatctcgg tctattcttt tgatttataa gggattttgc cgatttcggc ctattggtta 



9900 



9960 



5 



10020 



aaaaatgagc tgatttaaca aaaatttaac gcgaatttta acaaaatatt aacgtttaca 



10080 



atttcc 



10086 



10 



Claims 



1S 1. A bidirectional promoter for expression of at least two coding sequences in opposite direction in animal cells com- 
prising 5' 906 to 3' end: 

a) a first minimal promoter sequence derived from cytomegalovirus (CMV) or mouse mammary tumor virus 
(MMTV) genomes; 

20 b) a promoter sequence derived from an animal gene comprising an enhancer region and a second minimal 

promoter sequence; 

the two promoter sequences driving a coordinate transcription of said coding sequences in the opposite orientation. 

2S 2. The bidirectional promoter according to claim 1 wherein the full eflident promoter sequence derives from ubiquitously 
expressed genes comprising the pho^hoglycerate l<inase or the ubiquitin gene. 

3. A bidirectional expression cassette essentially comprising the l»directional promoter according to previous claims, 
convenient insertion sites positioned downstream to each ^womoter, and polyadenytation sites positioned down- 

30 stream to each insertion site. 

4. The bidirectional expression cassette according to claim 4 further comprising at least one post-transcripticmal reg- 
ulatory element positioned upstream to one or each polyadenylation site. 

35 5. The bidirectional expression cassette according to claim 4 or 5 further comprising at least one internal ribosome 
entry site (IRES) sequence to express three or more genes. 

6. An expression construct containing the bidirectional promoter according to claim 1 or 2. 

40 7. An expression construct containing the bidirectional expression cassette according to claims 4-6. 

8. A gene transfer expression vector containing the expression construct according to claims 7 or 8 further comprising 
lenliviral or retroviral sequences. 

45 9. Use of the gene transfer expression vector according to claim 8 for the preparation of a delivery and expression 
system in animal cells. 

10. Use of the gene transfer expression vector according to claim 9 wherein animal ceils are tissue animal cells in vivo. 

50 1 1 . Use of the gene transfer expression vector according to claim 1 0 wherein tissue animal celles are comprising brain 
neurons. 

12. An in vitro method for the coordinate exjiHBssion of two exogeneous coding sequences Into an animal cell comprising 
the following steps: 



55 



a) cloning said coding sequences into the gene transfer expressicMi vector according to claim 8, eadi coding 
sequence under the control of one of the two pnamoters of the bidirectional promoter; 

b) transforming animal cells by means of said vectors; 
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c) allowing the expression of the vector. 

13. The in vitro method for the coordinate expression of two exogeneous coding sequences according lo claim 12 
wherein the animal cell Is an human cell. 

5 

14. The in vitro method for the coordinate ejqsression of two exogeneous coding sequences according to claim 13 
wherein the human cell is a retransplantable human cell. 

15. The in wiro method for the ooordinate expression of two exogeneous coding sequences according to claim 14 
10 wherein the retransplantable human cell is an hematopoietic cell. 

1 6. Method for generating a transgenic non human organism comprising the step of transforming appropriate cells with 
an ejqjression construct containing the bidirectional cassette according to claims 6 or 7. 

IS 17. Method for generating a transgenic non human organism comprising the step of transforming appropriate cells by 
means of the gene transfer expression vector according to claim 8. 



Patentansprtiche 

20 

1. Bidirektionaler Promoter fur die Expression von mindestens zwei Kodiemngssequenzen in entgegen gesetzter 
Richtung in Tierzelion, umfessend vom 5'-Ende zum 3'-Ende: 

a) eine erste minlmale Promotorsequenz< die aus dem Genom des Zytomegalievirus (ZMV) oder des Maus- 
25 mammatumorvinis (MMTV) stammt; 

b) eine Promotorsequenz, die aus einem Tiergen stammt und die eine Verstarker (Enhancer}-Region und eins 
zwelte minlmale Promotorsequenz aufweist; 

wobei die beiden Pnamotcwrsequenzen eine koordinierte Transkription der Kodierungssequenzen in entgegen ge- 
30 selzter Richtung steuem. 

2. Bidirektionaler Promoter nach Anspruch 1, wobei die voll effiziente Promotorsequenz aus ubiquitSr exprimierten 
Genen stammt, welche das PhosphoglyceraUdnasegen oder das Ubiquitingen umfassen. 

3S 3. Bidirektionale Expressionskassette, die im Wesentllchen den bidirektionalen Promoter nach den vorherigen An- 
spruchen, stromabwarts (downstream) von jedem Promotor positionlerte, geeignete InsHtionsstellen und (downst- 
ream) von jeder Insertionsstelle positionlerte Polyadenyiierungssteilen aufweist 

4. Bidirektionale Expressionskassette nach Anspruch 4, die des Weiteren mindestens ein stromaufw£lrts (upstream) 
40 von einer oder jeder Polyadenyliemngsstelle positioniertes posttranskriptionales regulatorisches Element aufweist. 

5. Bidirektionale Expressionskassette nach Anspruch 4 oder 5, die des Weiteren mindestens eine interne Ribosomen- 
eintritlsstellen(lRES)-Sequenz aufweist. um mindestens drei Gene zu exprimieren. 

45 6. Expressionskonstrukt, welches den bidirektionalen Promotor nach Anspmch 1 oder 2 enthdit 

7. Expressionskonstrukt, welches die bidirektionale Expressionskassette nach Anspruch 4-6 enthait. 

8. Gentransferexpressbnsvektor, welcher das E)^ressionskonstrukt nach Anspruch 7 oder 8 enthait und des Weiteren 
so lentiviraie oder retrovirale Sequenzen aufweist. 

9. Venwendung des Gentransferexpressionsveklors nadi Anspruch 8 fOr die Herstellung eines EinfQhrungs- und Ex- 
pressionssystems in Tierzellen. 

55 10, Venwendung des Gentransferexpressionsvektors nach Anspruch 9, wobei Tierzellen Tiergewebezellen in vivo sind. 

1 1 . Venvendung des Gentransferexpresstonsvektors nac^ Anspruch 1 0, wobei Tiergewebezellen Gehirnneuronen um- 
fassen. 
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12. In-vitro-Verfahren fiir die koordinierte Expression zweier exogener Kodlerungssequenzen In eine Tierzelle, umfas- 
send die folgenden Schritte: 

a) Klonieren der KodierungssequCTizen in den Gentransferexpresaonsvektrar nach Anspruch 8, wobei jede 
Kodierungssequenz unterder Kontroiie von einem der beidwi Promotoren des bidirektionalen Promotors steht; 

b) Transformieren von Tierzeilen mittels der Vektoren; 

c) Zuiassen der Expression des Vektors. 

13. In-vitFo-VerfahrenfQr die koordinierte Expression zweier exogener Kodlerungssequenzen nach Anspruch 12,wob^ 
die Tierzelle eine mensc^liche Zelle 1st. 

14. In-vitro-Verfahren fur die koordinierte Expression zweier exogener Kodiemngssequenzen nach Anspruch 13, wobei 
menschllche Zelle einer retransplanfierbare menschliche Zelle ist. 

15. In-vitro-Verfahren for die koordinierte Expression zweier exogener Kodiemngssequenzen nach Anspruch 14, wobei 
die retransplantierbare menschliche Zelle eine hamatopoietische Zelle ist. 

16. Verfahren zum Herstellen eines transgenen, nicht menschlidien Organismus, das den Schritt des Translbrmierens 
geeigneterZelien mit einem Expressionskonsttukt, das die bidirektionale Kassette nach Anspruch 6 Oder 7 enthalt, 
umfasst. 

17. Verfahren zum Herstellen eines transgenen, nicht menschlichen Organismus, das den Schritt des Transfbmilerens 
geeigneter Zellen mittels des GenUransferexpressionsvektors nadi Anspruch 8 umfasst. 



Revendications 

1. Promoteur bldirectionnei pour I'expression d'au moins deux sfequences codantes dans une direction opposee dans 
des cellules animales comprenant, de Textremite 5' a ['extremity 3' : 

a) une premiere sequence promotrice minimale derivee des genomes du cytomegalovirus (CMV) ou du wrus 
de la tumeur mammaire murine (MMTV) ; 

b) une sequence prcHmotrfce d6rlvde d'un gdne animai comprenant une region ampllficatrice et une seoonde 
region promotrice minimale ; 

les deux sequences promotrices rdgissant une transcription coordonnde desdites sequences codantes dans I'orien- 
tation opposee. 

2. Promoteur bldirectionnei selon la revendication 1 , dans lequel la totality de la sequence promotrice efficace derive 
de genes exprlmes de maniere ubiquitaire comprenant la phosphoglycdrate kinase ou le gdne de I'ubiquitine. 

3. Cassette d'expression bidirectionnelle comprenant essentleilement le promoteur bldirectionnei selon tes revendi- 
cations pr6c§dentes, des sites d'inserticm adaptes positlonnSs en aval de diaque promoteur, et des sites de poly- 
adenylation en aval de chaque site d'insertion.. 

4. Cassette d'expression bidirectionnelle selon la revendication 4, comprenant en outre au moins un element de 
regulation post-transcriptionnei positionne en amont de Tun des ou de chaque site(s) de polyadenylation. 

5. Cassette d'expression bidirectionnelle selon la revendication 4 ou 5, comprenant en outre au moins une sequence 
IRES (site d'entrSe interne du ribosome) pour exprimer trois gfenes ou plus. 

6. Constnjit d'expression contenant le promoteur bldirectionnei selon la revendication 1 ou 2. 

7. Conslrult d'expression contenant la cassette d'expression Wdirectionnelle selon les revendications 4^6. 

8. Vecteur d'expression de transfCTt de gdnes contenant le construit d'expression selon la revendication 7 ou 8, com- 
prenant en outre des sequences lentivirales ou rdtrovirales. 
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9. Utilisation d'un vactsur d'9xpression de transfert de gSnes seion la revendicatlon 8, pour la preparation d'un syst6me 
de d^livranca et d'expression dans les cellules animales. 

10. Utilisation du vecteur d'expression de transfert de genes selon la revendication 9, dans laquelle les cellules animales 
s sont des cellules da tissu animal in vivo. 

11. Utilisation d'un vecteur d'expression de transfert de genes seion la revendication 10, dans laquelle les celiules de 
tissu animal comprennent des neurones c6rdbraux. 

10 12. Procede in vitro pour I'expression coordonnee de deux sequences codantes exogenes dans une cellule animals 
comprenant les etapes suivantes : 

a) le clonage desdites sequences codantes dans le vecteur d'expression de transfert de g§nes selon la reven- 
dication 8, chaque sequence oodante sous le contrdle de I'un des deux promoteurs du promoteur bidlrectlonnei ; 
IS b) la transformation de cellules animales par les moyens desdits vecteurs ; 

c) le fait de permettre i'expression du vecteur. 

13. Procede in vitro pour i'expression coordonn6e de deux sequences codantes exogfenes selon la revendication 12, 
dans lequel la cellule animate est une ceilule tiumaine. 

20 

14. Proc6d6 in vitro pour I'expression coordonn6e de deux sequences codantes exogenes selon la revendication 13, 
dans lequel la cellule humaine est une cellule pouvant §tre retransplantde. 

15. Procede in vitro pour I'expression coordonnee de deux sequences codantes exogenes selon la revendication 14, 
25 dans lequei la cellule humaine pouvant etre retransplant^e est une cellule h6matopoTetique. 

1 6. Procede de generation d'un organisme transgenique non liumain comprenant I'etape oonsistant a transformer des 
celiules adaptees avec un construit d'expression contenant la cassette kMdirectionnelle selon les revendications 6 
ou7. 

30 

1 7. Proc6de de generaSon d'un organisme transgenique non humain comprenant i'6tape consistant a transformer des 
celiules adaptees par les moyens du vecteur d'expression de transfert de genes seion la revendication 8. 
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Figure 3 



46 



EP 1 616 012 B1 




47 



EP1 616 012B1 




Figure 5 
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ANGFR GFP T0-PR03 Merge 




Figure 6 
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Fig. 7b (1 of 3) 

caggtggcacttttoggggaaatgtgpgFggaacccctamgtttatttttctaaataciattcaM 

caalaacoctgataaatgcttcaataatattgaaaaaggaagagtatgagUttcaac^itttccgtgtogcccttatt^ 

gcggcattttgccttcctgtttttgpljaccscagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacga^ 

gggttacatcgaactggatctcaacagcggtaag3tccttgagagttttcg(»ccgaiigaacgttttecaatgatgagca 

taaagttctgctetgtggcgcggtattateccgtattgacgccgggcaagagcaactcggjcgMgcafacactattctca^ 

atgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgaca^aagagaattatgcagtgctgccat 

aaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaac 

atgggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccac 

galgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggcaacaattaatag 

actggatggaggoggataaagttgcaggaccacttctgcgctcggcccttccggctggctggtttattgctgataaatctgg 

agccggtgagcgtgggtctcgcggtatcattgcagcactggggocagatggtaagecctcccgtatogtagttatetacac 

gacggggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggt^cctcactgattaagcattggtaact 

gtcagaccaagtttactcatatatactttagattgatttaaaacttcattffiaamaaaag'gatctaggtgaagatccrttttt^ 

alctcatgaccaaaatccct1aacgtgagttttcgttccactgagcgteagaccccgta[gaaa3gatcaaaggatcttcttgag 

atcctttttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagcggjggtttgtttgccggatcaagaggt 

accaairfctttttccgaaggtaactggcttcagcagagcgcagatawaaatactgtc'cttctagtgtagccgtagtta^^^ 

accacttcaagaactotgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggct^gccagtggcgataag 

tegtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtc^ggctgaacggggggttcgtgcap 

acagcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtga^ctatgagaaagcgccacgcttccc 

ga^ggagaaaggpggacaggtatccggtaagcggcagggtcggaacaggagdgcgcacgagggagcttccaggg 

ggaaacgcctggtatctitatagt(Xtgtcgggtttcgpcacctotgacttgagcgtc^attttt 

cggagcctatggaaaaacgc<»gcaacgcggcctttttacggttcctgg(wtmgc^ggc^ 

ogttatcccctgattotgtggataaccgtattaccgcctttgagtgagctgataccgctcgccgcagccgaacg^ccgagcg 

cagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctc^ccgcgcgttggccgatteattaa 

tg^agctggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaat^gagttagclca^ 

gcaccccaggctttacactttatgcttccggctcgtatgttgtgtggaattgtgagcggataacaattteacacaggaaacagc 

tatgaccatgattacgccaagcgcgcaattaat^ctcactaaagggaacaaaagct^gag^tgcaagctt^ 

tgcaatactcUgtagtcttgcaacatggtaacgatgagttagcaacatgccttacaa^gagagaaaaagcaccgtgcatgc 

cgattggtggaagtaaggtggtacgatogtgGCttattaggaaggcaacagacgg^tgacatggattggacgaaccact 

gaaltgccgcattgcagagatattgtatttaagtgcctagctcgatacE^aaacgg^ctotcAggtte^ 

ctgggagctetctggctaactagggaacc<actgottaagcctcaafaaagcttgcc^gagtgcttcaagtagtgtgteccc 

gtctgngtgtgactctggtaactagagatccc1x»igacccttttagte3gtgtggaaaatetotagcagtggcgcccg^ 

gggacctgaaagcgaaagggaaaccagagctctctcgacgoaggactcggcttgotgaagcgcgcacggoaagaggc 

gaggggcggcgactggtgagtacgccaaaaattttgactagcggaggctagaaggagagagatgggtgcgagagcgtc 

agtattaagcgggggagaattagatcgcgatgggaaaaaattcggttaaggccagggggaaagaaaaaatataaattaaa 

acatatagtatgggcaagcagggagptagaacgattcgcagttaatcetggcctgttagaaaoateagaaggctgtagaca 

aatactgggacagctacaaccatcccttcagacaggatcagaagaacttagatcatt^tataatacagtagcaaccctct^^ 

gtgtgcatcaaaggatagagataaaagacaccaaggaagctttagacaagataga^gaagagcaaaacaaaagtaagac 

cacDgcacagcaagcggccgotgatcttcagacctggaggaggagatatgagggacaattggagaagtgaattatataaa 

tataaagtagtaaaaattgaaccattaggagtagcacccaccaaggcaaagagaag^gtggtgcagagagaaamgag 

cagtgggaataggagctttgttccttgggttcttgggagcagcaggaagcactatgggcgcagcctcaatgacgctgacgg 

tacaggccagacaattatt^ctggtatagtgcagcagcagaacaatl|gctgaggg4tattgaggcgcaacagoatotgtt 

gcaactcacagtctggggcatcaagcagctccaggcaagaatoctggctgtggaa^gatacctaaaggatcaacagctcc 

tggggatttggggttgctctggaaaactcatttgcaccactgctgtgccttggaatgctagttggagtaataaatctctggaac 

agatttggaatcacacgacctggatggagtgggacagagaaattaacaattacacaaigcttaatacactecttaaHgaaga 

atcgcaaaaccagpa^^gaaaagaatgaacaagaattattggaattagataaatggg(5aagtttgtggaattggtttaacataa 

caaattggctglggtalataaaattattcataatgatagtaggaggcttggtaggtttaagaatagmtt 

gaaCagagttaggcagggatattcaccattatcg^agaccc:u;ctcccaac£Cc^ggggacccgacaggcccgaag 
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Fig. 7b (2of 3) 



ttgttaacttgtttattgcagcttataatggttocaaataaggcaatagcatoacaaaWcacaaataaggcammtcactgca 
ttctagtmggtttgtccaaactcatcaatgtatcttatcatgtotggatctcaaatccctpggaagctgcgcctgtc 




u;acagt 

tecagatccacaatxittegctteaaaaaatggaaoaactttaccgaocgcgciHsgg^ 



ccttagagaggggagcgccaccagaagcaatttogtgtaaattagataaatogtatttgtcaatoagag^gct^ 
aatcttgtaatcctgaagg^qctcagai 
;cgagtgtagtaaaca£tocaaaaccgf 



ctctggcacaaaatcgtattcattaaaaccggg!iggtagalg8gatgtgacgaacglgtacategiu:tgaaat(» 
kwgttttagaatccatgataataattttttggatgattgggagcttlttttgcacgttcaaa^^ 



ctgtaaaagcaattgttccaggaaccagggcgtatctcttoatagocttatgcagttg<jtctccagcggttccatcttccagcg 



gaaggttccttgcggttcgcggcgtgccggacgtgacaaacggaagccgcacgtctcactagtaccctcgcagacggac 



cagccgctaccccgaccacatgaagcagcacgacttcttoaagtocgccatgcccgaaggctacgtccaggagcgcacc 

;cgcatcg 



tctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcagcgt 



cacecagtccgccctgagcaaagaccccaacgagaagcgcgatcacatggtcctgctg^gttcgtgaccgccgccgg 
gatcactctcggcatggacgagctgtacaagtaaagcggccgcgtcgacaatcaacctctggattaoaaaatttgtgaaag 
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Fig. 7b (3 of 3) 

gtgcactgtgtttgctgacgcaacccccactggttggggcattgccaccacctgtcagctcctttccgggactttcgctttccc 

cctccctattgccacggcggaacteatcgccgcctgccttgcccgctgctggacaggggctcggrt^ 

attccgtggtgttgtcggggaagptgacgtcctttccatggctgctcgcctgtgttgccacctggattctgcgcgggacgtoc 

ttctgctacgtcccttcggccctcaatccagcggaccttccttcccgcggcctgctgccggctctgcggcctcttccgcgtctt 

cgccttcgcccteagacgagtcggatctccctttgggccgcctccccgcctggaattcgagctcggtacctttaagaccaat 

gacttacaaggcagctgtagatcttagocactttttaaaagaaaaggggggactggaagggctaattcactoccaacgaag 

acaagatctgcttmgcttgtactgggbJtrtctggttagaccagatctgagcctgggagctctctggctaactaggga^ 

actgcttaagcctcaataaagcttgccttgagtgcttcaagtagtgtgtgcccgtctgttgtgtgactctggtaactagagatcc 

ctcagacccttttagtcagtgjggaaaatctctagcagtagtagtteatgtoatcttattattcagtatttataactt^^ 

gaatatoagagagtgagaggaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaata 

aagcatttttttcactgoattctagttgtg^gtocaaaetcatcaatgtatcttatcatgtctggctct 

ctccgcccagttccgcccattctccgcc(x»tgg<rtgactaatttttWat1tetgcagagg^ 

ag^rtattccaga^^ti^gaggaggpttttttgg^ggcctaggctmgcgtcgagacgte^ 

cgtattacgcgcgctcactggcogtcgtttta<aacgtcgtgactg^aaaaccctggogltacccaac^ 

gpacatocccctttcgccagctggcg^aatagcgaagaggcccgcatscgatcgcccttcccaacagttgcgcagcctgaa 

tggcgaatggcgcgacgcgvcctgtagcggpgpattaagcgcggcggg^gtggtggttacgpg<!agcgtgaccgctac 

acttgc<»gcgccctagceoccgctcctttcgctttotteccttcctttctcgccacgt^ 

aatogggggctccctttagggttccgatttagtgctttacggcacctcgacoccaaaaaactt^ 

agtgggccatcgccctgatagacggtttttcgccctttgacgttggagtocacgttcttte^ 

tttaacaaaaatttaacgcgaat tttaacaaa a tattaa cgtttacaatttec 
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Mg. 8b (1 Of 3) 



caggtggcacttttcggggaaafgtgcgcggaacccctatttgtttatttttctaaataca.ttcaaatatgtatccgctcatgaga 
caalaaccctgataaatgcttcaataaitattgaaaaaggaagagtatgagtattcaacatttccgtgtcgcccttattccctttttt 




itttttccgaaggtaactggcttcagcagagcgcagataccaaatactgiccttctagtgtagccgtagttaggcc 



cggagcctatggaaaaacgccagcaacgcggcctttttacggttcctggccttttgctggccttttgctcacatgttetttcctg 
cgltatcccctgattctgtggataacogtattaccgcctttgagtgagctgataccgctcgccgcagccgaacgaccgagcg 
cagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcattaa 



tatgaccatgattacgccaagcgcgcaattaaccctcactaaagggaacaaaagctggagctgcaagcttggccattgcat 



;cggttttggcagtacat 



;ggg( 

attaa 

jagaaaaaatataaattaaaacatatagtatgggcaagcagggagctagaacgattcgcagttaatcctggcctgttagaa 
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Fig. 8b (2 of 3) 



gtggaattggtlteacataacaaattggctgtggtatat^attattcataatgatagtaggaggcttggtaggmaag^^^ 
tttttgctgUctttctatagtgaatagagttaggcagggatettcaccattatcgtttcagacccaoctcccaaccccgagggg 



atctgatcataatcagccataccacamgtag^ggttttacttgctttaaaaaacctecracacctccccc^ 
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Fig. 8b (3 of 3) 

ccgcctgccttgcccgctgctgg3caggggctcggctgttgggcactgacaatt(xgtggtgttgtoggggaagctgacgt 

cctttccatggctgctcgcctgtgttgpcacctggadctgcgcgggacgtecttctgctacgtccc^ 

cggaccttccttcccgcggcctgctgccggctotgcggcctcttccgcgtcttag(X!ttcg^M:cteag^ 

cctttgggccgcctccccgcctggaattcgagctcggtacctttaagaocaatgacttacaaggcagptgtagatottagcca 

(rttttlaaaagaaaaggggggactggaagggctaattcactcccaacgaagacaagatctgctttttgcttg 

ctggttagaccagatctgagcctgggagctctctggctaactagggaacccactgcttaagcctcaataaagcttgccttga 

gtgcttcaagtagtgtgtgcccgtctgltgtgtgactctggtaactagagatccctcagaccKJttttagtcagtgtgg^ 

ctagcagtagtagttcatgtcatcttattattcagtatttataacttgcaaagaaatgaatateagagagtgagaggaacttgttta 

ttgcagcttataatggtlacaaataaagcaalagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtgg^ 

gtccaaactcatcaatgtatcttatcatgtctggctctagctatcccgoccctaactccgcccagttccgcccattctccgcccc 

atggctgactaattttttttattotgcagaggccgaggccgcctcggcctctgagctattccagaagtagtgaggaggct^ 

tggaggcctaggcttttgcgtcgagacgtacccaattcgccctatagtgagtcgtattacgcgcgctcactggccgtcgtttta 

caacgtcgtgactgggaaaaccctggcgttacccaacttaategccttgcagcacatccccctttcgccagctggcgtaata 

gcgaagaggcccgcaccgatcgcccttcccaacagttgcgcagcctgaatggcgaatggcgcgacgcgccctgtagcg 

gcgcattaagcgcggcgggtgtggtggitacgcgcagcgtgaccgctacacttgccagcgccctagcgcccgctcctttc 

gctttcttccc^ccffictcgccacgttegccggctttccccgtcaagctctaaatcgggggctcccttlagggtiEcgati^ 

tgctttacggcacrtcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgccctgatagacggtttttc 

gcccWgacgttggagtccacgttctttaatag^ggactcttgttccaaacrtggaacaacac^aac^^ 

tttgatttataagggattttgpcgatttoggcctattggttaaaaaatgagctgatt t aac^aaaattt^ 

atattaacgtttacaatttcc 
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Fig. 9b (1 of 3) 

caggtggcacttttcggggaaatgtgcgcggaaccxctatttgtttatttttctaaatacattcaaate^ 
caataaccctgataaatgcltefurtaatattgaaaaaggaagagtatgagtattcaacatttccgtgtcgccctte 
gcggcattttgcKJttectgttmgctMcccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagt 
gggttacatcgaactggateteaacagpggtaagatccttgagagttttcgccccgaagaacgttttccaatgatgagcacttt 
taaagttctgctatgtggcgcggtattatcrogtattgacgcpgggcaagagcaactcggtegccgcatacactatt^^ 
algacttggttgagtactcaccagtcacagaaaagcatottacggatggcatgacagtaagagaattatgcagtgctgccat 
aaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagotaaccgcttttttgcacaac 
atgggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccac 
gatgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggcaacaattaatag 
actggatggaggcggataaagttgcaggaccacttctgcgctcggcccttccggctggctggtttattgctgataaatctgE 
agccggtgagcgtgggtctcgcggtatcattgcagcactggggccagatggtaagccctcccgtatcgtagttatctacac 
gacggggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaact 
gtcagaccaagtttactcatatatactmgattgatttaaaacttcatttttaatttaaaaggatctaggtgaag^^ 
atctcatgaccaaaatcccttaacgtgagttttcgttccactgagcgtcagaocccgtagaaaagatcaaaggatcttcttgag 
atcctttttttctgcgcgtaatctgctgcttgcaaacaaaaaaaocaccgctaccagcggtgg^ttgtttgccggatcaagagct 
accaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgtccttctagtgtagccgtagttaggcc 
accacttcaagaactetgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctgccagtggcgataag 
tcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcac 
acagcccagcttggagcgaac'gacctacaccgaactgagatacctacagcgtgagctatgagaaagcgccacgcttccc 
gaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccaggg 
ggaaacgcctgg^atctttatagtcctgtegggWcgccaOTtcrtgacttgagcgtcgatttttgtgatgctcgtcagggggg 
cggagcctatggaaaaacgccagcaacgpggpctttttacggttcctggccttttgctggcctmgctcacatgttctttcc^^ 
cgttatcccctgattctgtggataaccgtattaccgcctttgagtgagctgataccgctcgccgcagccgaacgaccgagcg 
cagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcattaa 
tgcagctggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttagctcactcattag 
gcaccccaggctttacactttatgcttecggctcgtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagc 
tatgaccatgattacgccaagcgcgcaattaaccctcactaaagggaacaaaagctggagctgcaagcttaatgtagtctta 
' tgcaatactcttgtagtcttgcaacatggtaacgatgagttagcaacatgccttacaaggagagaaaaagcaccgtgcatgc 
cgattggtggaagtaaggtggtacgatcgtgccttattaggaaggcaacagacgggtctgacatggattggaegaaccact 
gaattgccgcattgcagagatattgtatttaagtgcctagctcgatacaataaacgggtctctctggttagaccagatctgago 
ctgggagotctetggctaactagggaacccactgcttaagcctcaataaagcttgccttgagtgcttcaagtagtgtgtgccc 
gtotgttgtgtgaotctggtaactagagatccctcagacccttttagtcagtgtggaaaatctctagcagtggcgcccgaaca 
gggacctgaaagcgaaagggaaaccagagctctctcgacgcaggacteggcttgctgaagcgcgcaoggcaagaggc 
gaggggcggcgactggtgagtacgccaaaaattttgactagcggaggctagaaggagagagatgggtgcgagagcgtc 
agtattaagcgggggagaattagatcgcgatgggaaaaaattcggttaaggccagggggaaagaaaaaatataaattaaa 
aoatatagtatgggcaagcagggagctagaacgattcgcagttaatcctggcctgttagaaacatcagaaggptgtagaca 
aatactgggacagctacaaccatcccttcagacaggatcagaagaacttagatcattatataatacagtagcaaccctctatt 
gtgtgcatcaaaggatagagataaaagacaccaaggaagctttagacaagatagaggaagagcaaaacaaaagtaagac 

tataaagtagteaaaattgaaccattagga^gcacccaccaaggcaaagagaagagtggtgcagagagaaaaaagag 
cagtgggaataggagctttgttccttgggttcttgggagcagcaggaagcactatgggcgcagpctcaatgacgctgacgg 
tacaggccagacaattattgtctggtatagtgcagcagcagaacaatttgctgagggctattgaggcgoaacagcatctgtt 
gcaactcacagtctggggcatcaagcagctccaggcaagaatcctggctgtggaaagataoctaaaggateaacagctcc 
tggggatttggggttgctctggaaaactcatttgcaccactgctgtgccttggaatgctagttggagta^aaatotctggaac 

tcgcaaaaccagcaagaaaagaatgaacaagaattattggaattagataaatgggcaagtttgtggaattggttaacataac 

aaattggctgtggtatataaaattattcataatgatagtaggaggcttggtaggtttaagaataglitttgctgt^ 

aatagagttaggcagggatattcaccatlatcgtttcagacccacctcccaaccccgaggggacccgacaggpccga^^ 
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Kg. 9b (2 of 3) 

aatagakgaagaaggtggagagagagacagagacagatccattcgattagtgaacggatctcgacggtatcggttaacttt 

taaaagaaaaggggggattggggggtacagtgcaggggaaagaatagtagacataatagcaacagacatacaaactaaa 

gaattacaaaaacaaattacaaaaatlicaaaattttatogatcacgagactagcctcgagagatctgatcataatcagccatac 

cacatttgtagaggttttacttgclttaaaaaacctcMxacacctccccctgaacctgaaacataaaatgaatgcaattgttgttg 

ttaacttgtttattgcagcttataatggtfacaaataaggcaatagcatcacaaatttcacaaataaggcatttt^ 

tagtmggtngtccaaac^catraatgtatottatoatgtctggatctcaaatccctcggaagctg^gcc^ 

tg^catttttatcacttttacccgtctttggattaggpagtagctctgacggccctoctgtettaggt^ 

ctcttacccgtca^lgctgtaiagcttagptcgcaggggaggtggtctggatocctggatatca 

cagatcxtctagaattacacggcgatctttecgocclicttggcctttatgaggatctctetg^ 

taagaccWcggtac^gtccacaaacacaactcctiK:gcgcaactttttogcggttgttacnga(rt 

gatctcttWccgUatogffitttcKgtgctecaaaacaacaacggcggcgggaagttcaccggffgtcatcgto 

cctgcgacacctgcgtcgaag^tgttggggtgttggagraagatggattccaattcagcgggagpcacctgatagcctttgt 

acttaatcagagacttcaggcggtcaacgatgaagiiagtgttcgtc^cgtcccQgtaagctatgtctccagaatgtagccat 

ccatccttgtcaateaaggcgttggtcgctbXiggattgmacataaccggacataateataBgacctctcacacacagttcg 

cctctttgattaacgcccagcgttttaxjggtatwagatccacaaccttcgcttcaaaaaatggiaacaacttta^ 

cccggtttatcatccocctcgggtgtaatcagaatagctgatgtagtctcagtgagcccatatacttgcctgatacctggcaga 

tggaacctcttggcaaccgcttccccgacttccttagagaggggagcgccaccagaagcaatttcgtgtaaattagataaat 

cgtatttgtcaateagagtgcttttggcgaagaaggagaatagggttggcaccagcagcgcactttgaatcttgtaatcctga 

aggctcctcagaaacagctcttcttoaaatctatacattaagacgactcgaaatccacatatcaaatatccgagtgtagtaaac 

attccaaaaccgtgatggaatggaacaacacttaaaatcgcagtatccggaatgatt^attgccaaaaataggatctctggc 

atgcgagaatctcacgcaggcagttctatgaggcagjigcgacacctttaggcagaocagtagatccagaggagttcatgat 

cagtgcaattgtcttgtccctatcgaaggactctggcacaaaatcgtattcattaaaaccgggaggtagatgagatg^gacga 

acgtgtacatcgactgaaatccctggtaatwgttttagaatccatgataataattttttggatgattgggagctt^ 

caaaattttttgcaacccctttitggaaacgaacaccacggtaggctgcgaaatgcccatactgttgagcaattca^ 

taaatgtcgttcgcg^cgcaactgcaactccga ta aa t aacgcgcccaacaccggcataaagaattgaagagagttttca 

ctgcatacgacgattctgtgatttgtatteagcccatategtttcatagcttctgccaaccgaacggacatttcgaagtactcag 

cgtaagtgatgtccacctcgatatgtgcatctgtaaaagcaattgttccaggaaccagggcgtatctcttcatagccttatgca 

gttgctctccagcggttccatcttccagcggatagaatggcgcogggcctttctttatgtttttggcgtcttccatggtgaattcc 

gatccccctggggagagaggtcggtgattcggtcaacgagggagccgactgccgacgtgcgctccggaggcttgcaga 

atgcggaacaccgcgcgggcaggaacagggcccacactaccgccccacaccccgcctcccgcaccgccccttcccgg 

ccgctgctctcggcgcgccccgctgagcagwjgctattggccacagcccatcgcggtcggcgcgctgccattgctccctg 

gcgctgtccgtctgcgagggtactagtgagacgtgcggcttccgtUgtcacgtccggcacgccgcgaaccgcaaggaac 

cttcccgacttaggggcggagcaggaagcgtcgccggggggcccacaagggtagcggcgaagatccgggtgacgctg 

cgaacggacgtgaagaatgtgcgagacccagggtoggcgccgctgcgtttcccggaaccacgcccagagcagccgcg 

tccctgcgcaaacccagggctgccttggaaaaggcgcaaccccaaccccgtgggaattcgatatcaagcttgcctatgttc 

ttttggaatctatccaagtcttatgtaaatgcttatgtaa^cataatataaaagagtgctgattttttgagtaaacttgcaacagte 

ctaacattcttctctcgtgtgtttgtgtctgttcgccatcccgtctccgctcgtcacttatccttcacttttcagagggtccccccgc 

agatcccggtcaccctcaggtcgggtcgacaaccatggtgagcaagggcgaggagctgttcaccggggtggtgcccatc 

ctggtcgagctggacggcgacgtaaacggccacaagttcagcgtgtccggcgagggcgagggcgatgccacctacgg 

caagctgaccctgaagttcatctgcaccaccggcaagctgcccgtgccctggcccaccctegtgaccaccctgacctacg 

gcgtgcagtgcttcagccgctaccccgaccacatgaagcagGacgacttcttcaagtccgccatgcccgaaggctacgtc 

caggagcgcaccatcttcttcaaggacgacggcaactacaagacccgcgccgaggtgaagttcgagggcgacaccotg 

gtgaaccgcatcgagctgaagggcatcgacttcaaggaggacggcaacatcctggggcacaagctggagtacaactaca 

acagccacaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgag 

gacggcsgcgtgcagctcgccgaccactaccagcagaacacccccatcggcgacggccccgtgctgctgcccgacaac 

cactacctgagcacccagtccgccctgagcaaagaccccaacgagaagcgcgatcacatggtcctgctggagttcgtga 

ccgccgccgggatcactctcggcatggacgagctgtacaagtaaagcggcctcgacaateaacctctggattacaaaattt 

gtgaaagattgactggtattcttaactatgttgctocttttacgctatgtggatacgctgctttaatgc^ 
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Fig. 9b (3 of 3) 

tcccgtatggcWcattttctcctccttgtataaatcctggttgctgtctctttatgaggagttgtggcccgttgtcaggcaacgtg 
gcgtggtgtgcactgtgtttgctgacgcaacccccactggttggggcattgccaccacctgtcagctcctttccgggactttc 
gctttccccctccctattgccacggcggaactcatcgccgoctgccttgcccgctgctg^aggggctcggctgttgggc 
actgacaattccgtggtgttgtcggggaagctgaogtcctttccatggctgctcgcctgtgttgccacctggattctgcgcgg 
gacgtccttctgctacgtcccttcggccctcaatccagcggaccttcctteccgcggcctgctgccggctctgcggcctcttc 
cgcgtcttcgccttcgccctcagacgagtcggatctccctttgggccgcctccccgcctggaattcgagctcggtacctttaa 



acgaagacaagatctgctttttgcttgtactgggtctctctggttagaccagatctgagcctgggagctctctggctaaotagg 
gaacccactgcttaagcctcaataaagcttgccttgagtgcttcaagtagtgtgtgccc^ctgttgtgtgactctggtaactag 



caaataaagcatttttttcactgcattctagttgtggmgtccaaactcatcaatgtatcttateatgtctggctcte 

cccteactocgcccagttccgcccattetccgcotxsatggctgactaatttttttte 

cctctgagfftattcxjagaagtagtgs^gaggctttmggaggcctaggctWgcgtegagacgtao;^ 

tgagtegtattacgcgcgctoactggccgtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaactt^ 

ttgcagcacateccccWcgccagvtggcgtaatagcgaagaggcccgcaccgalcgccctteccaacagttgcgcagc 



ctctaaategj 

cacgtagtgggccategccctgategacggttmcgcccmgacgttggagtccacgttctttaatagtggactc^^ 

aactggaacaacactcaacfX^tatctcggtotattcllttgamataagggattttgccgattte 

gctgatttaacaaaaatttaacgcgaatlttaacaaaatattaacgtttacaaltbx 
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Fig. 10b (1 of 3) 



caataaccctgataaatgctteaataatattgaaaaaggaagagtatgagtattcaac! 



iaacMCt at ttg lttat t Wc taaatacattcaaatatgtatecgfftcatgaga 




atcctttttttctgcgcgtaatctgctgcttgcaaacaaaaaa; 
accaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgtccttctagtgtagccgtagttaggcc 



cggagcctatggaaaaacgccagcaacgcggcctttttacggttcctggccttttgctggccttttgctcacatgttctttcctg 



acgttgtatccatatcataatatgtacatttatattggctcatgtccaacat 
atagtaatcaattacggggtcattagttcalagcccatatatggagttccgcgttacataacttacggtaaatggcccgcctgg 



attagtcatcgctattaccatggtgatgcggttttggcagtacatcaatgggcgtggatagcggtttgactcacg{ 

;accaaaatcaacgggactttccaaaatgtcgtaacaactccg 
;gaggtctatataag( 



atacagtagcaaccctctattgtgtgcatcaaaggatagagataaaagacaccaaggaagctttagacaagatagaggaag 
agca 
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Fig. I0b(2of3> 

cctaaaggatcaacagctcctggggatttggggttgctctggaaaactcatttgcaccactgctgtgccttggaatgctagttg 

gagtaataaatctctggaacagatttggaatcacacgacctggatggagtgggacagagaaattaacaattacacaagctta 

atacactccttaattgaagaatcgcaaaaccagcaagaaaagaatgaacaagaattattggaattagataaatgggcaagttt 

gtggaattggtttaacataacaaattggctgtggUUataaaattattcataatgatagtaggaggcttggtaggttta^ 

ttmgctgtaotttctatagtgaatagagttaggcagggatattcaccattatcgtttcagacecacctcccaacccegagggg 

acccgacaggcccgaaggastagaagaagaaggtggagagagagacagagacagatccattcgattagtgaacggatc 

tcgacggtatcggttaactt tt aaaagaaaaggggggattggggggtacagtgcaggggaaagaatagtagacataatag 

caacagacatacaaactaaagaattacaaaaacaaattacaaaaattcaaaattttatogateacgagactagcctcgagga 

gatctgatcataatcagccalBccacatttgtagaggttttacttgctttaaaaaacctoccacacctcw 

ataaaatgaatgcaattgttgttgttaacttgtttattgcagcttataatggttacaaataaggpaatagc^ 

ataaggcalttttttcactgcattotagttttggtttgtccaaactcatcaatgtalx^t^ 

cttaggttagtgaaaaatgt(»ctctcttac«;gtcattggBtgtccagpttagptcgcaggggag^ 
gtotagagaataggaactteggaataggaacttcgcggccgctttacttgtacagptcgtccatgccgagagtgatcccggc 
ggpggtcacgaactccagcaggaccatgtgategcgcttctcgttggggtctttgctoagggpggactgggtgc^ 
gtggttgtcgggpagcagcacggggpcgtc^gatgggggtgttotgctggtagtggtcggcgagctgcacgdgcc^ 
1 tcctcgatgttgtggcggatcttgaagltoaccttgatgGcg^tcttctgcttgtcggccatgatata^ 
gttgtactccagcttgtgccccaggatgttgccgtcctectlgaagtegatgpc^ 

gccctogaacttcacctcggcgcgggtcttgtagttgccgtcgtccttgaagaagatggtgcgctcctggacgtagccttcg 
ggcatggcggacttgaagaagtcgtgctgcttcatgtggtcggg^gcggctgaagcactgcacgccgtaggtcagggt 
ggtcacgagggtgggccagggcacgggcagcttgccggtggtgcagatgaacttcagggtcagcttgccgtaggtggc 
atcgccctcgccctcgccggacacgctgaacttgtggccgtttacgtcgccgtccagctcgaccaggatgggcaccaccc 
cggtgaacagctcctcgcccttgctcaccatggttgtcgacccgacctgagggtgaccgggatctgcggggggaccctct 

gttgcaagtttaotcaaaaaatcagcaclirttttatattatggtttacataagcatttacataagactt^^ 

cataggcaagcttgatatcgaattcccacggggttggggttgcgccttttccaaggcagpcctgggtttgcgcagggacgc 

ggctgctctgggcgtggttccgggaaacgoagcggcgccgaccctgggtctcgqacattcttcacg^Bcgttcgcag^^ 

cacccggatcttcgccgctaccct^ggg^cccggcgacgcttectgctocgcccctaagtcggg^ 

gttcgcggcgtgccggacgtgacaaacggaagccgcacgtctcactagtaccctegcagacggacagcgccagggagc 

aatggcagcgcgccgaccgcgatgggctgtggccaatagcggctgctcagcggggcgcgccgagagcagcggccgg 

gaaggggcggtgcgggaggcggggtgtggggcggtagtgtgggccctgttcctgpccgcgcggtgttocgcattctgca 

agcctccggagogcaogtcggcagtcggctccctcgttgaccgaatcaccgacctctctcccscagggggatccoccggg 

ctgcaggaattcgggccgcggccagctccggcgggcagggggggcgctggagcgcagcgcagcgcagccccatcag 

tccgcaaagcggaccgagctggaagtcgagcgctgccgcgggaggcgggcgatgggggcaggtgccaccggccgc 

gccatggacgggccgcgcctgctgctgttgctgcttctgggggtgtcccttggaggtgccaaggaggcatgccccacagg 

cctgtacacacacagcggtgagtgctgcaaagcctgcaacctgggcgagggtgtggcccagccttgtggagccaaccag 

accgtgtgtgagccctgcctggacagcgtgacgttctccgacgtggtgagcgcgaccgagccgtgcaagccgtgcaccg 

agtgcgtggggctccagagcatgtcggcgcc^gcgtggaggccgacgacgccgtgtgccgctgcgcctacggctact 

accaggatgagacgactgggcgctgcgaggcgtgccgcgtgtgcgaggcgggctcgggcctcgtgttctcctgccagg 

acaagcagaacaccgtgtgcgaggagtgccccgacggcacgtattccgacgaggccaaccacgtggacccgtgcctgc 

cctgcaccgtgtgcgaggacaccgagcgccagctccgcgagtgcacacgctgggccgacgccgagtgcgaggagatc 

cctggccgttggattacacggtccacacccccagagggctcggacagcacagcccccagcacccaggagcctgaggca 

cctccagaacaagacctcatagccagcacggtggcaggtgtggtgaccacagtgatgggcagctcccagcccgtggtga 

cccgaggcaccaccgacaacctcatccctgtctattgctccatcctggctgctgtggttgtgggccttgtggcctacatagcc 

ttcaagaggtggaacagggggatcctetagagtcgagtotagagtcgacaatcaacctctggattacaaaatttgtgaaaga 

ttgactggtattcttaactatgttgc^cttttacgctatgtggatacgctgctltaatgcctttgtatcatgctattgcllsccgt^ 

gctttcattttctcctocttgtataaatcctggftgctgtctctttatgaggagUgtggcccgttgtcaggcaacgtggcgtg^ 
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Kg. 10b (3 of 3) 

ctccctattgccacggcggaactcategpcgcctgccttgcccgctgctggacaggggctcggctgttgggcactgacaat 

tccgtggtgttgtcggggaagctgacgtcctttccatggctgctcgcctgtgttgccacctggattctgcgcgggacgtcctt 

ctgctacgtcccttcggccctcaatccagcggaccttccttcccgcggcctgctgccggctctgcggcctcttccgcgtcttc 

gccttcgccctcagacgagtcggatctccctttgggccgcctccccgcctggaattcgagcteggtacctttaagaccaatg 

acttacaaggcagctgtagatcttagccactttttaaaagaaaaggggggactggaagggctaattcactcccaacgaaga 

caagatctgctttttgcttgtactgggtctctctggttagaccagatctgagcctgggagctctctggctaactagggaaccca 

otgcttaagcctcaataaagcttgccttgagtgcttcaagtagtgtgtgcccgtctgttgtgtgactctggtaactagagatcoc 

tcagacccttttagtcagtgtggaaaatctctagcagtagtagttcatgtcatcttattattcagtatttataacttgcaaagaaat^ 

aatatcagagagtgagaggaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataa 

agcattttmcactgcattctagttgtggtttgtccaaactcatoaatgtatcttatcatgtctggctctagctatcccgccccte^ 

tccgcccagttccgcccattctocgccccatggctgactaatttttmatttatgcagaggccgaggccgcctcggc^^^ 

gctattccagaagtagtgaggaggcttttttggaggcctaggcttttgcgtcgagacgtacccaattcgccctatagtgagtc 

gtattacgcgcgctcactggccgtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgccttgcag 

cacatccccctttcgccagctggcgtaatagcgaagaggcccgcaccgatcgcccttcccaacagttgcgcagcctgaat 

ggcgaatggcgcgacgcgccctgtagpggcgcattaagcgcggcgggtgtggtggttacgcgcagcgtgaccgctaca 

cltgccagcgccctagcgcccgctectttcgclttettcccttcctttctcgccacgltcgccggctttcccc^ 

ategggggctccctttagggttccgatttagtgpfttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgta 

gtgggccatcgccctgatagacggttlttcgiccctttgacgttggagtccacgttctttaiatagtggacto^ 

aacaacactcaaccctatctcggtctattcttttgatttaAaagggatmgccgalltcgg^ 

taacaaaaatttaacgcgaattttaacaaaatattaacgtttacaatttcc 
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Fig. 11a 



66 



EP 1 616 012 B1 



Kg. lib (lof3) 



caataaccctgataaatgc^caataatattgaaaaaggaagagtatgagtattcaacatttccgtgtcgsKcttattccctttttt 

gcggcattttgccttcctgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagt 

gggttacatcgaactggatctcaacagcgg^Bagatccttgagagttttcgccccgaagaacgttttccaatgatgagcacttt 

taaagttxjtgctatgtggcgcggtattatcccgtattgacgecgggcaagagcaactcggtcgccgcatacactattctcaga 

atgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccat 

aaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaac 

atgggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccac 

gatgcctgtagcaatggcaacaacgttgcgcaaactattaactggogaactacttactctagcttcccggcaacaattaatag 

actggatggaggcggataaagttgcaggaccacttctgcgctcggcccttccggctggctggtttattgctgataaatctgg 

agccggtgagcgtgggtctcgcggtatoattgcagcactggggccagatggtaagccctcccgtatcgtagttatctacac 

gacggggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaact 

gtcagaccaagfttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatetaggtgaaga^ 

atctcatgaccaaaatccctiaacgtgagttttcgftc«actgagcgtoagac(MKgtagaaa 

atcctttttttctgcgcgtaatotgctgcttgcaaacaaaaaaaccaccgctacc^ 

accaactctttttccgaagglaactggcttcagicag^gcgcagataccaaatactgtccttctagtgtagccgtagttaggcc 

accacttcaagaaciictgtagcaccgixtacataaitcgptctgctaatcctgttaccagtggctgct^ 

tc^gtettaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggptgaacggggggttcgtgcac 

acagcccagcttggagcgaacgacctacaccg^actgagatacctacagcgtgagctatgagaaagcgccacgcttccc 

gaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgpacgagggagcttocaggg 

ggaaacgcctggtatctttatagtcctgtcgggtttcgccacctetgacttgagcgtcgatttttgtg;atgctegtcagggggg 

cggagcctatggaaaaacgccagcaacgcggcctttttacggttcctggccttttgrtggccttttgclxacatgttottto^ 

cgttatcccctgattctgtggataaccgtattaccgcctttgagtgagctgataccgctcgccgcagccgaacgaccgagcg 

cagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcattaa 

tgcagctggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttagotcactcattag 



tatgaccatgattacgccaagcgcgcaattaaccctcactaaagggaacaaaagptggagctgicaagcttggccattgcat 
acgttgtatecatatcataatatgtacatttatattggctcatgtccaacattaccg(x;atgtfgacattgattattgactagttatta 
atagtaatcaattacggggtcattagttcatagcccataMggagttccgcgttacataaottacggtaaatggcccgcctgg 
ctgaccgcccaacgacccccgcccattgacgtcaataatgacgtatgttcxrcatagtaacgccaatagggactttccattga 
cgtcaatgggtggagtatttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgccccctattga 
cgtcaatgacggtaaatggcccgcctggcattatgcooagtaoatgacottatgggactttcctacttggcagtacatctacgt 
attagtcatcgc^attacoatgg^gatgcggttttggcagtacatcaatgggcgtggatagcggtttgactcacggggatttcc 
aagtctccaccccattgacgtcaatgggagtttgtmggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccg 
ccccattgacgcaaatgggcggtaggcgt^acggtgggaggtctatataagcagagctcgtttagtgaaccggggtctct 
ctggttagaccagatctgagcctgggagctctctggotaactagggaacccactgcttaagcctcaataaagcttgccttga 
gtgcttcaagtagtgtgtgcccgtctgttgtgtgactctggtaactagagatccctcagacccttttagtcagtgtggaaaatct 
ctagcagtggcgcccgaacagggacctgaaagcgaaagggaaaccagagctotctcgacgcaggactcggcttgctga 
agcgcgcacggcaagaggcgaggggcggcgactggtgagtacgccaaaaattttgactagcggaggctagaaggaga 
gagatgggtgcgagagcgtcagtattaagcgggggagaattagatcgcgatgggaaaaaattcggttaaggccaggggg 
aaagaaaaaatataaattaaaacatatagtatgggcaagcagggagctagaacgattcgcagttaatcctggcctgttagaa 
acatcagaaggctgtagacaaatactgggacagctacaaccatcccttcagacaggatcagaagaacttagatcattatata 
atacagtagcaaccctctattgtgtgcatcaaaggatagagataaaagacaccaaggaagctttagacaagatagaggaag 
agcaaaacaaaagtaagaccaccgcacagcaagcggccgctgatcttcagacctggaggaggagatatgagggaoaat 
tggagaagtgaattatataaatataaagtagtaaaaattgaaccattaggagtagcacccaccaaggcaaagagaagagtg 
gtgcagagagaaaaaagagcagtgggaataggagctttgttccttgggttcttgggagcagcaggaagcactatgggcgc 

gaggcgcaacagcattt^gcaactoacagtctggggcatcaagcagctccaggcaagaatcctggct^ggaaagata 
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Hg. lib (2 of 3) 

cctaaaggatcaacagctcctggggatttggggttgctctggaaaactcatttgcaccactgptgtgccttggaatgctagttg 
gagtaataaatctctggaacagattggaatcacacgacctggatggagtgggacagagaaattaacaattacacaagctta 
atacactccttaattgaagaatcgpaaaaccagcaagaaaagaatgaacaagaattattggaattagataaatgggcaagttt 
gtggaattggtttaacataacaaattggctgtggtatataaaattatteataatgatagtaggaggcttggtaggtttaagaatag 
tttttgctgtactttctatagtgaatagagttaggcagggatattcaceattatcgtttcagaoccacctcccaaccccgagggg 
^cgacaggcccgaaggaatagaagaagaaggtggagagagagacagagacagatocattcgattagtgaacggatc 
tcgacggtatcggttaacttttaaaagaaaaggggggattggggggtacagtgcaggggaaagaatagtagacataatag 
caacagacatacaaactaaagaattacaaaaacaaattacaaaaattcaaaattttatcgatcacgagaotagcctegagag 
atctgateataatcagccataccacattt^gaggttttacttgctttaaaaaacctccwacacctccccw^^ 

laaggcatttttttcactgpattctagtttt^gtttgtocaaactcatca^^ 

ctgpgcctgtcttaggttggagtgatacaftmat<acttttac»cgtcttlggattag^^ 

taggttagtgaaaaai;gtoactctcttacccgtcattggctgtocagcttagctcgcagggg]aggieg;tctggato^ 

gaattggccgctttacttgtacagc*cgtccaIg«»g^gagtgatcKKJggcggicgEJcacgaactM 

atcgcgcttctcgttggggtctttgctca^cggactgggtgctGaggtagtggttgtcgggcagcagcacggggccg^ 

gccgatgggggtgttctgctggtagtggtcggcgagctgcacgctgccgtoctcgatgttgtggcggatettgsagttcacc 

ttgatgccgttcttctgcttg^cggccatgatatagacgttgtggctgttgtagttgtactcraBcttgtgow^aggatgttgcc 

gtcctccttgaagtcgatgcccttcagctegatgcg^caccagggtgtcgccctegaacttcaccteggcgcgggtcttgt 

agttgccgtcgtccttgaagaagatggtgcgctcctggacgtagccttcgggcatggcggacttgaagaagtegtgotgctt 

catgtggtcggggtagcggctgaagcactgcacgccgtaggtcagggtggteacgagggtgggccagggcacgggoa 

gcttgccggtggtgcagatgaacttcagggtcagcttgccgtaggtggcatcgccctcgccctcgccggacacgctgaact 

tgtggccgtttacgtcgccgtccagctcgacoaggatgggcaccacoccggtgaacagctcctcgcccttgctcaccatgg 

tgaattccgcggaggctggatcggtcccggtgtcttctatggaggtcaaaacagcgtggatggcgtctccaggcgatctga 

cggttcactaaacgagctctgcttatataggcctcccaccgtacacgcctacoctcgagaagcttgattaacccgtgtcggct 

ccagatctggcctccgcgccgggttttggcgcctcccgcgggcgcccccctcctcacggcgagcgctgccacgtcagac 

Eaagggcgcagcgagcgtcctgatccttccgcccggacgctcaggacagcggccogctgctcataagactcggccttag 

aaccccagtatcagcagaaggacattttaggacgggacttgggtgactctagggcactggttttctttccagagagcggaac 

aggcgaggaaaagtagtcccttctcggcgattctgcggagggatctccgtggggcggtgaacgccgatgattatataagg 

acgcgccgggt^ggcacagctagttecgtcgcagccgggatttgggtcgcggttcttgtttgtggatcgctgtgatcgtca 

cttggtgagttgcgggctgctgggctggccggggctttogtggccgccgggccgctcggtgggacggaagcgtgtggag 

agaccgcoaagggctgtagtctgggtccgcgagcaaggttgccctgaactgggggttggggggagcgcacaaaatggc 

ggctgttoccgagtcttgaatggaagacgcttgtaaggcgggctgtgaggtcgttgaaacaaggtggggggcatggtggg 

cggcaagaacccaaggtcttgaggccttcgctaatgcgggaaagctcttattcgggtgagatgggctggggcaccatctg 

gggaocctgacgtgaagtttgtcactgactggagaactcgggtttgtcgtctggttgcgggggcggcagttatgcggtgcc 

gttgggcagtgcacccgtacctttgggagcgcgcgcctcgtcgtgtcgtgacgtcaccc^ctgttggcttataatgcagg 

gtggggccacctgccggtaggtgtgcggtaggcttttctccgtcgcaggacgcagggttcgggcctagggtaggctctcct 

gaatcgacaggcgccggacctctggtgaggggagggataagtgaggcgtcagtttctttggtcggttttatgtacctatcttc 

ttaagtagctgaagctccggttttgaactatgcgctcggggttggcgagtgtgttttgtgaagttttttaggcaccttttgaaatgt 

aatcatttgggtcaatatgtaattttcagtgttagaotagtaaattgtccgctaaattctggccgtttttggcttttttgttagacgaa 

gcttgggctgcaggaattcgggccgcggccagctccggcgggcagggggggcgctggagcgcagcgcagcgcagcc 

ccatcagtccgcaaagcggaccgagctggaagtogagcgctgccgogggaggogggcgatgggggcaggtgccacc 

ggccgcgccatggacgggccgcgcctgctgctgttgctgcttctgggggtgtcccttggaggtgccaaggaggcatgcc 



caaccagascgtgtgtgagccctgcctggacagcgtgacgttctccgac^ggtgagcgcgaccgagccgtgcaagccg 
tgcaccgagtgcgtggggctocagagcatgtcggpgBcgtgcgtggaggccgacgacgiccgtgtgccgctgcgcctac 
ggctactaccaggatgagacgactgggcg^gcgaggcgtgccgcgtgtgcgaggc^ctcgggcctegtgttctect 
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Fig.lllj(3of3).. 

ggagatccctggccgttggattacacggtccacacccccagagggcteggacagcacagcccccagcHccoagga.gcc 

tgaggcacctccagaacaagacctcatagccagcacggtggcaggtgtggtgaccacagtgatgggcagctcccagccc 

g^ggtgacccgaggcaccaccgacaacctcatwctgtctattgctccatcctggctgctgtgg^tgtgggcctt^ggccta 

catagccftcaagaggtggaacagggggatcctctagagtcgagtctagagtcgacaatcaacctctggattacaaaatttg 

tgaaagattgactggtattcttaactatgttgctccttttacgctatgtggatacgctgctttaatgcctttgtatcatgctatlscttc 

ccgtatggctttcattttctcctccttgtataaatcctggttgctgtctotttatgaggagttgtggcccgttgtcaggcaacgtgg 

cgtggtgtgcactgtgtttgctgacgcaaMcccactggttggggcattgccaccacctgUagctcctltecgggaotte 

ctttccc^tccctattgccacggcggaactcatcgccgcctgccttgcccgctgctggacaggggctcggctgttgggca 

acgtccttctgctacgtccwttcggccctcaatccagcggaccttocttcccgcggcc^ctgwjggct^ 

gogtcttcgccttcgccctcagacgagtcggalxrtMctttggBPcgcctccccgcctggaflttcgagctcggtac^ 

accaatgacttacaaggcagctgtagatdtagccacttWaaaagaaaaggggggactggaagggctaattcactcccaa 

cgaagacaagatctgctttttgcttgtactgggtctctrtggttagaccagatctgagcctgggagctctctggctaac^ 

aacccactgcttaagcctcaataaagcttgecttgagtgcttcaagtagtgtgtgcccgtctgttgtgtgactctggtaactaga 

gatccctcagacccttttagtcagtgtggaaaatctctagcagtagtagttoatgtcatcttattattcagtaWataacttg^ 

gaaatgaatatcagagag^gagaggaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcac 

aaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatoaatgtatcttatcatgtctggptctagst^^ 

cctaactccgcccagttccgcccattctccgccccatggctgactaattttttttatttatgcagaggccgaggccgcctcggc 

ctctgagctattccagaagtagtgaggaggcttttttggaggcctaggcttttgcgtcgagaogtacccaattcgccctatagt 

gagtcgtattacgcgcgctcactggccgtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgcct 

tgcagcacatccccctttcgccagctggcgtaatagcgaagaggcccgcaccgatcgcccttcccaacagttgcgcagcc 

tgaatggcgaatggcgcgacgcgccctgtagcggcgcattaagcgcggcgggtgtggtggttacgcgcagcgtgaccg 

clacacttgccagcgccctagcgcccgctectttcgctttcftoccttcctttctcgccacgttcgccggctttccccgtcaagc 

totaaatcgggggctcccttlaggg^tccgatttagtgctttacggcacctcgaccccaaaaaacttgattagggtgat 

acgtagtgggccatcgccctgatagacggtttttcgccctttgacgttggagtccacgttclttaatagtggactcttgttcxaa 

actggaacaacactcaaccctatctcggtctattcttttgatttataagggattttgccgatttcggartatt 

ctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgtttacaatttcc 
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